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The  Mathematical  anJ PbilofophkaW^RKS 
of  the  Right  Reverend  John  V^'iik'm^t  late 
Lord  hijhop  of  Cherter. 

CONTAINING. 

I.'T"'  H  E  difcQvery  of  a  New  W«rl(3 :  or, 
X      A  Difcourfe  tending  to  prove,    that  it 

!■;   probable  there    may  be    another  habitable 

World  in  the  Moon.       With  a  Difcourfe  of 

the  poUiiiility  thither. 
II.  That  'lis  probable  our  Earth  is  one  of  the 

Planets. 

HI.  Mercury:  or,  Thefccrec  andfwiftMef^ 

fenger  ;  Shewing  how  a  Man  m;jy  with  privacy 

and  rpeed  communicate  his  thougius  to  a  Friend 

at  any  diftance. 

IV.  Mathematical  Magick ;  or,  The  Wonders 
th:it  may  be  performed  by  Mechanical  Geometry. 

V.  An  Abftraci  of  his  ElTay  towards  a  real 
Charafler^  and  a  Philofophical  Language. 

To  which  is  prefix'd  the  Author's  Life,  and 
account  of  Ws  Works. 

There  is  aCefign  to  publifh  the  Clafficks 
Hiftorians,  t^c.  in  neat  Pocket  Volumes  j  witi 
fiiort  Notes'tfTom   the  Daufbin,    V^.riorum.^ 
other  heft  ■Editions.    Done  into  Ew^/i/Jj  by  fe- 
deral Handgf;  With  curious  Cuts, 

J^eady  done, 

Luciui  Fl^ur,  with  Notes  and  GnwHs's  finfl 

Cuts,    j^ijix/  Curtius  in  Two  Vols,    Cor.  Nefoa 

—  Ttrence.'^Jujiin,  hy Tho.Iir^.irn.    Tm'IjsOSt 

cesj  hy  Sit  Arer  L'EJlrart^f.  —The  fame by^' 

In  the  Prefs,  and  preparing  for  it, 
Smtetiiut,  with  Feiifcui's  Note$  and  Curs. 
Stiufi.   —  Tecituj  in  5  Vols,     tivy  in  4  Void 
Tl'mj  iQ  4  Vols.  &*. 
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ELEMENTS 

O  F 

Aftroiiomy, 

*Phyfical  and  Geometrical! 


The  FouRtH  Book. 

Concerning  the  Theory  of  the 
Secondary  Planets, 

HAVING  in  oar  Firft  Book  laid  the  »rue 
and  gennine  Foundations  of  Phyfical 
Aftronomy  j  explain'd  in  the  Second 
Book  the  phammena  of  the  Firft  Motion,  or  ap- 

Jjearances  of  the  Vrlmum  Mohiltf  which  arife 
rom  the  Motion  of  the  Earth  about  its  own 
Axis;  and  given  the  Theory  of  the  Primary 
Piatiecs  in  the  Third  Book  j  that  is,  how  their 
Orbits  are  defcrib'd,  and  how  their  Places  are 
i^determin'd  if  the  Obferver  be  fuppos'd  in  the 
Sun,  or  in  any  one  of  'em  ;  and  alfo  how  to 
Aaa  define 
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define  the  Magnirade,  Dcnfi:y,and  r 
fiances  of  the  Primary  I'hncts,  and  ot( 
thingi :  That  we  may  go  on  in  Order,  > 
in  this  Fourth  Book,  give  the  Theory  o 
condary  Planets,  which  go  round  the  '. 
ones.  Altho'  the  Motion  of  every  Prim' 
jet  be  fimple  enough,  as  being  (lilic  a  P 
Motion)  compounded  of  an  uniform  prt 
Motion  in  a  Right-line  Tangent  to  it 
and  another  motion  of  defcent  by  w\ 
attraded)  it  rends  towards  the  Snn, 
menfe  diftance  from  one  another  rend 
effeft  of  their  mutual  A<ftion  or  Gravity 
other  infenfible  j  that  of  the  Secondary 
will  be  quite  otherwife.  For  ttio'  ev^r 
'em  tends  mofWy  to  its  refpeftive  Primai 
yet  it  is  urg'd  cowards  the  Sun  by  the  i 
celerating  Gravity  as  its  Primary,  whe 
fame  diftance,  by  a  lefTer  Gravity  w! 
greater  diftance,  and  by  a  greater  Grivi 
at  a  lefs  diftance.  From  this  different  t 
to  two  Bodies,  namely,  to  the  Sunand< 
mary,  the  Motion  of  a  Secondary  Pfcj 
comes  very  complex,  and  has  fuch  Une 
as  the  Aftronomers  hop'd  to  account  for^ 
Hypothefes,  fooner  than  the  Philofoplie 
explain  them  from  Phyfical  Caufes,  till 
Ntvton  was  fo  happy  as  ro  do  it. 


sk; 
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Section  I. 

r  the  Errors  which  the  Sun  produces  in  , 
:he  Motion  of  a  Satellite,  when  its  Orbit 
is  concentric  to  its  Primary  Planet. 


Proposition  I. 

"P«  Vrlm-iry  PLnet  re-vslving  abcuftbe  Sun  car* 

riei  tvilb  ic  a  Satellitey  this  Sattliite  -wiil  Ire  fa  \ 
iv'J  about  the  Primary,  as  to  he  continually  accetc 
fi  from  sti  ^aJrulufe  with  the  Sun  to  its  next 
njunilion  er  O^fofition  \  bur  fiom  the  Syzygy  to  the 
'iadrAture  it  will  lie  ret^rdat  -•  Thtrefare  the  SateU 
'i  mirVe  fwifttr  near  the  Syzy^ts,  end  flower 
r  the  ^ujdr.iturts.  ■    ■ 

Becaule  ir  has  been  fhewn  in  Beck  i.  that  in 
Je  three  Bodies,  viz.  The  Sun,  a  Primary 
iiet,  audits  Sacellice,  the  attracHons  of  any 
b  on  the  third  were  to  one  another  rccipro- 
:ly  as  the  Square*  of  the  Diltances  from  it  j  ic 
DL^nifeft  th;!t  the  Cafe  of  this  Propofition  is 
fame  with  that  of  Prof.  60.  Book  i.  There- 
if,  as  here  [in  Fig.  1.]  5  denotes  the  Sun,  7*  1 
'rimary  Planet  revolving  in  the  Orb  £  TE,  L 
Itellite  defcribing  the  Orbit  BCGD  round  the 
mary,  in  which  the  Points  B  and  G  denote 
^Sj'zygies  with  the  Sun,  C  and  D  the  C^adra- 
s :  U  SKf  the  middle  Dlftance  of  a  Satellite 
I  the  Sun,  be  put  for  the  accelerating  At- 
tion  of  that  Satellite  from  the  Sun  in  that 
die  diftance,  and  L  be  fuppos'd  any  Place  of 
Satellite  in  its  Orbit,  upon  LS  produc'd  ' 
!  5  A,  which  muft  be  to  S  K  in  a  duplicate 
.1  denote 


Aaa  ; 


lW« 
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the  zttaAum  of  the  Satellite  L  when' 
ward*  5.  Join  TL^  and  draw  parslld 
meeting;  5  T  in  A/.  It  is  certain  that  rf 
dion  iv<  may  be  rclblv'd  into  the  att 
jIAfznd  MS,  with  the  dire^ions  of  thd 
of  which  that  which  is  cxprcfi'd  hyMS^ii 
to  (he  atra^ionA/N,  taking  away  the  ai 
TV 5,  common  to  the  SatelHte  and  ittPrirr 
net ;  as  it  hat  becnamply  fhewn  in  the  faid 
of  B.t.  The  Satellite  thetefore  is  thus  a^ 
by  atriple  Aitra^on:  Thehrftandprii 
that  by  wliich  T  draws  L ;  the  fecond  £| 
in  the  dire^ftioii  A  M,  thnt  is,  with  the  d 
XT' parallel  to  AM.  Whence  it  happens,] 
Force  cr)mpounded  of  thefe  two  is  alfo  i 
towards  T;  and  if  the  Body  L  was  afled  i 
ly  by  a  Force  compounded  of  thofe  two, 
then  dcfcribcArcas  about  Tproportionab 
Times,  by  ?rof.  u.  B.z.  But  the  Sat^ 
ii  alTo  urg'tl  by  a  third  Force,  which  is 
whofe  diicAion  is  from  M  towards  N^ 
from  i-  towards  F,  (fuppofmg  I.F  pai; 
MN:)  which  as  it  does  not  tend  to 7^', 
cher  does  the  whole  Force  compounded  < 
three,  namely,  that  by  which  L  is  trul; 
tend  to  T.  Therefore  the  Satellite  L  i 
Oefcribc  Axeat  about  7'  proportionable 
Times;  but  this  Force  which  is  exp« 
MN  will  diihirb  the  dclcriptioa of  A« 
portionaMt  to  the  Times  ;  for  in  CG  d 
dnint  of  the  Semicircle  CG  D  it  will  »-^ 
the  motion  of  the  Body  L  about  7", 
mores  from  C  to  G ; .  but  after  the  cm 
at  G  in  the  Quadrant  G  D^  when  the 
of  the  Rigfac-tuK  L  F  frum  L  to  F  ts 
the  Force  Atiuw  aloo^  it  setards  the 
When  the  S«teUuc  h  oobk  cd  tbe  Qd 
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inD,  MN  vanifhes,  (becauft  then  SK^  S  L^ 

atod  alfo  Syi  are  equal)  and  therefore  the  effeft 

X>{  the  Force  exprefs'd  by  k  js  nothing;  therefore 

now  the  Satellite  L  ai^ed  on  by  the  other  Forces 

defcribes,  with  the  Radius  that  carries  it.  Areas 

proportionable  tothe Times.    Butwhenigoes 

;  thro'  the  Quadrant  D  B^S  M  goes  off  from  S  N, 

Bnd  the  Force  difturbing  the  defcription  of  the 

Area  by  the  Radius  T  L  that  carries  the  Satellite 

iijd  hjndring  it  from  being  proportionable  tothe 

jme  which  is  as  Af  JV  )  has  its  direftion  from 

/toN,  or  from  Ltof,  ("that  is  backward^ 

^nd  therefore  retards  the  Motion  of  the  Sacellit« 

1  the  Quadrant :  but  after  the  oppofitign  \nB, 

I  F  tends  forward  and  retards  the  Motion,  till 

n  the  Quadrature  at  C,  M  N  vaniflies  again, 

herpfore  jcs  Hffed  ceafes.       Again,  (ince  the 

'orce  M  N  hindring  the  Radius  TL  from  de- 

cribing  an  Area  proportionable  to  the  Time 

whilft  the  Satellite  is  going  from  C  to  G,  or 

rom  D  to  fi)  is  continually  increased,  and  is 

;reateft  inG  andB,  and  from  thence  is  conti- 

mally  diminifli'd  till  the  Satellite  come  to  D  Of 

;,  where  this  Force  vanifhes ;    it  is  plain  tha^ 

he  Motion  of  the  Satellite  fo  difturb'd  is  the 

wiftefl  [Cetera ^grihus)  in  the  Syzygies  R  andG, 

nd  floweft  in  tne  Quadratures  C  and  D.  ^E.p. 

Proposition  II. 
Wmgi  hang  as  l/efure,  the  Orbit  -wbtch  the  S 

ttUlte  L  dcfcrihii  round  its  Yrimary  T,  U  mor. 
•  in  C  and  D,  the  ^adnfturei  with  the  Sm 
an  in  thi  Sjzjgies  G  and  B. 
For  the  SateTUte  L,  becaufe  it  moves  fwif 
the  Syzy-gies  than  in  the  Quadratures, 
'  defle<ft  ^om  a  Right-line  (which  it  wou'd 
\^  by  ths  Force  imprefs'd  only)  in  the 


Aaa 
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firft  than  in  the  laft  ;   that  is,  the  Orbn  of  i 
Sacellite  is  lefs  curve  in  the  ConjunAion  a 
Oppofirion  than  in  the  Quadratures.      But  I 
greater  Curvity  is  alfo  owing  to  another  caof(__ 
the  Force  M  N  (of  which  we  fpoke  in  the  for&T 
going  Propofition)  in  the  Conjunftion  and  Op-    [ 
pofition  at  G  and  Ji  is  contrary  to  the  force  by 
which  the  Body  7"  draws  i-,  and  therefore  di- 
minifhes  it ;   whence  the  Body  L  is  lefs  paflt'd 
towards  T  £t  G  and  H,  than  at  C  and  D  ;   and 
therefore  will  Icfs  defied  from  a  Right  line  in 
.the  firft  than  in  the  laft.     Therefore  the  SateU 
lite's  Way  is  more  curve  in  the  Quadratures  C 
and  D,  than  in  the  Syzygies  B  and  G. 
CO  RO  L  L  A  RT. 
From  what  has  been  laid  it  follows.  That  the 
Satellite  L  (c^trr^i  ^arihns)  recedes  farther  fronj 
the  Primary  r  in  the  Quadratures  than  in  the 
Syzygies.  \_Ftg.  2.]     Therefore  the  Orbit  of  the 
Satellite  about  its  Primary,isina  manncrEllipti- 
cal,  the  Primary  being  in  its  Center,  the  grcatec 
Axis  being  between  the  Quiidratures  with  the 
Sun,  the  iefler  between  the  Syzygies;  and  fo  the 
Orbit  is  more  curve  in  the  firft  than  in  the  laft  cafe. 
And  the  encreafe  of  the  celerity  of  the  Satellite 
near  the  Syzygies  will,  in  tins  Orbit,  be  difTe- 
rent  from  what  ic  wou'd  have  been  in  the  cir- 
cular Orbit  of  the  foregoing  Propofition,  be-' 
caufe  the  diredion  of  the  Force  M  N  accclera-  | 
ting  or  retarding  the  Motion  of  the  SateUite,  i| 
different  in  this  from  what  it  is  in  that. 

What  has  been  laid  here  of  the  Figure  of  the 
Orbit  of  a  Satellite  about  its  Primary,  is  only  true, 
if,  excluding  the  extrinfecal  Force  of  the  Sun] 
Us  Orbit  is  concentrical  with  the  Primary  Pla- 
net.   For  if  it  be  excentrical,  it  may  happen  by 

Kafon  of  that  excentricity,  that  the  Satellite  l, 

^ '■■'-' "''^'-"^' '  fi 
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Ciall  be  farther  from  the  Primary  T,  and  Teen 
from  it  fhall  move  flower  in  the  Syzygies  than 
in  the  C^adratures ;  namely,  when  the  Satel- 
lite has  its  greateft  Apfis  in  its  ConjuiK^on  or 
Oppofition  with  the  Sun.  But  here  alfo  what 
wai  before  demonftrated  will  have  place  (cattris 
4^ribMs}  i  for  even  then  by  reafon  of  tlie  faid 
Torce  M  N  the  Satellite  will  move  fafter,  and 
tome  nearer  to  its  Primary  than  it  wou'd  have 
^one  without  it. 

•l.  This  aforefaid  Elliptic  Figure  of  the  Orbit  of 
9  Satellite  was  obferv'd  in  the  Moon  by  that 
wnoft  ingenious  Aftronomer  Dr.  HalUj,  who  in 
"the  Year  1679,  fiift  of  any  body,  publifh'd  it  in 
his  TreatiCe  concerning  the  Emendation  of  the 
Moon's  Theory.  But  the  Hiftorj'  of  the  Academy 
of  Sciences  in  France,  publilh'd  in  1698,  fays, 
tliat  Mr.  Vkard  had  made  the  fame  Obfervation 
ilong  before,  namely  in  1668. 


Section   II. 

i'Xif  the  Errors  which  the  Sun  produces  in  the 
,  Motion  of  A  Satellite^  when  its  Orbit  is 
[,j,  ^xcentric  to  its  Primary  Planet. 
.>iTFtheOrbofthelefferBody/.[/7^.3.]benota 
J  Circle  concentric  to  the  great  Body  7",  but 
anEHipfis,  in  oneofwhofe  Foci  the  Body  7"  is 
plac'd,  the  Forces  of  the  greateft  Body  S  will  fo 

^diftu^b  that  Body  L,  that  inftead  of  a  conftant 
land  unraov'd  Ellipiis,  which  (by  Pro^.  ;9.  B.  1.) 
it  ought  to  defcfibe,  it  will  defcribe  an  Ellipfis 
whole  excentricity  will  continually  be  chang'd; 
and  that  Oibit  of  the  Body  L  fo  difturb'd  will 
^^^^.  Aaa  4  be 
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fw  the  fame,  sis  if  tt  fhou'd  dcfcnbe  ics  Ellid 
at  the  fame  time  that  the  Axis  of  the  EUili 
(and  the  Ellipfis  itfelf)  is  by  an  angular  MotJI 
carried  forward  or  backward  apon  the  Cenfl 
of  the  Primary,  the  Plane  of  the  Orbit  conti- 
nuing the  fame ;  that  is,  in  the  Aftronomical 
Phrafe,  The  Motion  of  a  Satellitis  that  defcribes 
an  excentric  Orbit  is  fo  difturb'd  by  the  Sun, 
fhat  whilfl  the  SateUite  goes  thro*  its  Orbit,  the 
^pfes  of  its  Orbit  are  fomeiimes  carried  »»  ««- 
fc^ucmi0,  and  fometimes  m  antecedent ia.  To 
prove  this,  the  thing  muft  be  farther  fetch'd  and 
feme  Lemmas  laid  down. 

Proposition  III. 
T  T0)<^  to  fnd  the  Law  of  the  Cenirifetal  Force,  ky 
'  t  X  '^^ofe  JiHian  c  SoJy  may  be  mo-v'd  in  atiyTra- 
Jdtery  revohing  uhout  the  centeroftke  Forces,  whilfi 
anotocT  Bodyumo'v'd  in  a  fimilar'  and  t^nalTrar- 
-feUery  which  it  at  reil, 

h&tj4LP ifis-^-} be  theTrajeftory  at  reft,  which 
the  Body  T  tending  to  the  Center  of  the  Forces 
fcribes,  going  from  J  thro'i.  cowards  P.  It  is 
'  requir'd  to  find  the  Law  of  the  Centripetal  Force 
tending  tp  T,  by  ineans  of  whiph  gnorher  Body 
fiiall  be  carried  in  thf  Perimeter  pf  the  figure  ^/^ 
fimilar  and  equal  to  the  firft,  whilft  at  the  fame 
.  time  the  faid  figurp  alp  revolves  about  T back- 
.  Ward  or  forward  ;  in  fuch  manner  that  whilft 

the  firft  Body  goes  thro'  any  Arc,  as  ^  £  in  the 
[  OThit  ALT,  which  is  at  reft,  the  laft  Ihall  de- 
.  ftribe  a  fifnilar  and  equal  Arc  ^  /  in  the  revol- 
I  ying  Qrhalp.    *  ' 

Let  T/,  keeping  always  equal  to  7"  i,  move  ' 
!  about  the  Center  Tin  the  Plain  A  L  T;  and  al- 
]  ways  n^ake  the  Angle  A  Tl  proportionable  to 
,  the  Angle  ^TZ,  J  that  is,  in  fuch  manner  that 
■  ibis  Angle /ir^  maybe  to  its  correfpondenc^r/. 

^5 
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i'Ss  any  other  Angle  A  Tl  to  any  other  correfpon- 
dent^Ti.  Tljerpfore  the  Area,  which  7  /  (thus 
parried  in  an  angular  Motion  about  T)  defcribes, 
will  be  proportional  to  that  which  T L  defcribes. 
Let  A  lEG H  hs  a,  Curve  which  the  Point  /, 
9ov'd  as  has  been  rai(!>  touches :  Now  becaufe 
khe  Body  which  is  urg'd  by  a  Centripetal  Force 
'rtw  tends  towards  T  is  rcvolv'd  along  wich  L, 
f^z  k.:^  AT  LA  (by  Prof.lt.B.  I.)  wJH  be  pro-r 
portihable  to  the  Time;  bus  i:  isalfo  in  an  un- 
ffioveable  plain,  namely,  that  in  which  the  Body 
L  revolves  about  T;  that  is,  the  Motion  of  the 
ipoint  /  is  fuch,  that  it  is  always  found  in  the 
immoveable  Plain  drawn  thro'  7',  and  make  the 
Areas  AT  I A  ( defcrifc'd  by  a  Radius  drawn 
iJiro'  T)  proportionable  to  tfie  Times.  There- 
fore (by  Prof- 1*-  ^'i')  "**  rnanifeft  that  a  Body 
rteing  aifled  upon  by  a  due  gt!an):ity  of  Centripe- 
jjal  Force,  may  revolve  together  with  the  Point  / 
irin  the  Curve  ^/pG//,  which  thePoint /defcribes. 
iButthisCurve^/EGHis  given,  as  being  gene- 
.rated  by  the  givenLine  viLP^  in  a  conftant  api 
.given  manner i  chcteforetec  theLa\yof  iheCen- 
.tripeial  Force  by  which  a  Ppdy  may  revolve  iff 
fhe  faid  Curve  be  found  (lay  Cor.  Prpp.  jy,  B.  i.) 
Let  the  Angle  ATa  be  made  equal  to  the  Angle 
i.Tl,  and  the  Line  Ta  to  TA*;  and  then  the  An- 
gle a  Tl  will  be  equal  to  the  Angle  ATI-  Now 
riet  iheFigurea/Tbefimilar  and  equal  toALTi 
ihcrefore  the  Point  /  is  in  the  Perimeter  of  a  Fi- 
gure* iimilar  and  equal  to  ^  L  p  W  revolving  a- 
bout  T.  Therefore  3  Body  carried  ^long  with  /,  ' 
and  defcribing  the  unmov'd  Figure  AlEGH^ 
,,fiefcribes  alio  the  Perimeter  a  I  pa  of  an  Orl^ 
Iimilar  to^LP^and  revolving  about  /;  fo 
thattheArcfl/isdefcrib'd  in  the  revolvingOrb 
'■^ha,  at  the  fame  time  chat  its  fimjlar  and 
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equal  ^  I.  is  defcrib'd  by  another  Body  in 
Orb  A  LP  A,  which  is  at  reft.  Therefore 
taw  of  the  Centripetal  Force  rcqttir'd  is  found. 

Proposition  IV.  Lemma. 

.^T^Wif  difference  of  the  Centripetal  Forctt,  hy  wbiA 
M,  two  Bodies  m,iy  be  equally  mev'dy  tbe  em  in  » 
^uiefcetitj  the  other  in  a  revoli/ing  Orb  (whieb  it 
jhewn  in  the  foregoing  Vrep6fiti<nt)  ii  in  a  Triflicat* 
freforlion  of  the  eammon  AliitaJe  invrrfly. 

All  things  being  as  laid  down  in  the  foregoing 
Prop.  I  fay  that  the  difference  of  the  Centripe- 
tal Forces,  by  which  the  Bodies  iand  I  [fi-^.'^ 
are  aifted  upon,  are  reciprocally  in  a  Tripficate 
Ratio  of  the  common  Height  TL  orTl  j  Or 
that  the  difference  of  the  Forces  in  the  Points  Z. 
and  I  is  to  the  difference  of  the  Forces  in  any 
other  Points  of  the  quiefcent  and  revolving 
Orbs,  where  the  Bodies  will  he  found  at  the 
fame  moment,  as  the  Cube  of  the  Height  or  di-- 
ftance  of  thofe  Points  from  T'the  Center  of  the 
Forces,  to  the  Cube  of  the  Right-line  LT or  IT. 
Let  the  very  fmall  equal  Arcs  L  B,  and  U  be 
taken,  which  therefore  will  be  defcribd  by  the 
Bodies  L  and  /  in  very  fmall  Times.  From  B 
and  b  draw  BEj  be  perpendicular  to  T't,  T  t^ 
which  will  be  equal  as  well  as  L  K  and  le.  In 
the  Line  b  e  { produc'd  towards  b  if  occafion  re- 
quire) take  the  Point  C,  fo  that  C  e  may  be  to 
teas  the  Angle^T"!  to  the  Angle  y^rt.  Now 
becaufe  each  motion  of  the  Bodies  in  the  places 
i  andi  is  diftinguift'd  intoTwo,  of  which  One 
is  along  the  Lines  i-T",  /  T,  and  the  Other  tranf- 
verfe  to  the  firft,  along  Lines  perpendicular  to 
LTflTi  the  motions  towards  the  Center  will 
te  equalj  becaufe,  by  fuppoficion,  L  T:  IT:: 
BT, 
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JiT:  hT,  2nd  therefore  their  fmall  Increments 
.and  Decrements  are  equal.     And  the  tranfverfe 
Motion  of  rhe  Body  /  will  be  to  the  cranrvede 
morion  of  the  Body  L,  as  the  angular  motion 
of  the  Line  Tl  to  the  angular  motion  of  the 
^iine  TL;   chat  is,  :is  the  Angle  ATI;  to  the 
,  Angle  AT L,  or  2,^  C  t  to  b  e  or  B  K.       And 
,  therefore  in  the  litme  time  that  the  Body  L,  by 
.  its  two  Motions  comes  to  C,  the  Body  /  will  be 
found  in  the  place  C.     And  this  will  happen 
.  where  the  Bodies  L  and  I  arc  equally  mov'd  a- 
_  long  the  Directions  L  T,  /T";  that  is,  when  they 
are  atrted  upon  by  equal   Centripetal  Forces : 
But  when  the  Point  D  (the  place  of  the  Body 
defcribingthe  Revolving  Orbit)  is  found  (by  the 
foregoing  Propofition)  by  taking  the  Angle  /  TD 
in  chat  laid  conftant  Ratio  to  ITb  {viz..  the  Ra- 
tio of  the  Angle  y^T/ to  ATL)  and  theRight- 
L  line  TD  equnl  to  Tb  or  Tli,  (the  figure  a  If 
.    and  the  Line  IThcing  in  this  cafe  put  for  the 
Figure^/  L  V  and  7' A  in  the  odier  j  )  the  diffe- 
rence of  the  Centripetal  Forces  of  the  Body  in  L 
or  /,  and  chat  of  the  Body  in  D,  is  as  its  efFeft  C  D; 
namely,  the  Interval  of  che  Places  thro'  which 
the  Body  carry'd  in  che  revolving  Orb,  muft  by 
the  aftion  of  the  Orb  be  iransfer'd  in  that  givea 
fpace  of  a  very  fniall  time.     Therefore  we  muft 
compare  this  CD,  or  the  difference  of  Centri- 
petal Forces  equal  to  it  (  by  which  the  Body  is 
urg'd  in  cheQuiefctnt  Orb,  and  by  which  it  is 
urg'd  in  the  Revolving  Orb,  in  that  llcuacion  o£ 
a  moveable  Orbit,  and  that  diftance  Tl  of  the 
Body  from  the  Center)  with  the  like  difference 
in  the  other  Cafe,  where  che  fame,  or  a  like 
Conllru<aion  is  fuppos'd  as  here,  and  the  fame 
[hings  are  likewife  Ibppos'd  to  have  been  done ; 
namely,  let  a  Circle  cutting  7'e  in  »,  C  e  in  F, 
'  iind 
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and  C  D  in  G  be  drawn  with  the  diftance  Tt  ot\ 
TD  round  the  Center  T ;  and  let  the  new  Tri- 
3ngie  IbTht  fuch,  that  its  Area  may  be  fwepi 
thro'  by  the  Radius  Ty,  in  the  fame  time  that 
this  Area  /  b  7" is  gone  thro'  by  this  Radius  Tb : 
Whence  (forafmuch  as  in  equal  Triapgles  theBafcs 
are  reciprocally  proportionable  to  their  Heights) 
ihisLineei  is  to  the  other  tbm  another?'/  to  this 
T/,  that  is,  eMs  reciprocally  astheCorrefpondent 
r/;  wherefore  aJfoCe  (always  having  the  fame 
Rati?  to  be)  will  be  reciprocally  as  Tl  ■  therefore 
CFtheaggregateof'em,  and  the  Interval  ciwill 
be  reciprocally  proportional  to  the  fame  Tl;  and 
therefore  the  Redangle  under  them,  viz,.  FC%Cb 
is  reciprocally  proportionable  to  the  Square  of 
the  faid  Tl.  Wherefore  (by  ?rof.  j  j  or  3  6.  El.  j .) 

CD>tCG  =  f CxCi,  thatis,CD=:  ; 

Therefore  C  D,  in  that  cafe  is  to  the  analogous 
C P,  in  any  other  cafe,  diredly  as  this  FC-)iC b 
10  that  other  FC>(Ci,  and  reciprocally  as  this 
Line  CG  to  any  other  CG  ai  the  fame  time. 
But  it  has  been  (hewn  above,  that  FC-KCb  is 
reciprocally  as  the  Square  of  the  Right-line  Tl; 
and  c  G  is  as  D  G  its  nearly  equal,  or  as  its  half 
TD  Of  Tb,  or  Tl  very  little  different  from  it : 
Therefore  C  I)  in  this  fituatipn  of  a  revolving 
Orbit  is  to  C£>  produc'd  in  the  fame  manner  in 
any  other  fimation  of  the  fame  Orbit  (that  is, 
the  dijFerencc  of  the  Centripetal  Forces,  by 
which  one  Body  in  a  quiefceni  Orbit,  and  ano- 
ther Body  in  the  fame  Orbit  revolving,  may  be 
equally  mov'd  in  the  Height  TL  or  7  /,  is  to  the 
like  difference  of  Forces  in  any  other  Height) 
reciprocally  as  the  Square  of  the  firft  Height,  to 
the  Square  of  the  laft,  and  reciprqcally  as  the 
firft  Height  to  the  laft  Height  at  che  fame  tiniQi 
that 
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that  isj  reciprocally  as  the  Cube  of  the  firft 
Height,  to  the  Cube  of  the  laft  Height ;  that 
is,  (fpeaking  in  (hort  of  one  Height,  or  Altitude, 
when  we  are  to  be  underftood  of  two  taken  to- 
gether) the  faid  difference  of  Centripetal  Forces 
is  in  a  Triplicate  Ratio  of  the  common  Height 
inverfly.    j^  E.  D. 

CO  RO  L  L  ART  i. 
A  Body  moving  from  its  upper  to  ks  lower 
Apfis,  in  an  Orb  revolving  in  confequmtia,  isurg'd 
by  a  greater  Centripetal  Force  than  if  its  Orb 
was  at  reft.  For  becaufc  (in  the  foregoing  Fi- 
gure) in  that  cafe  the  Angle  A  Tl  is  greater 
than  A  TL^  e  C  alfo  will  be  greater  than  eb;  as 
being  in  the  fiime  Ratio  as  the  foregoing  Angle^ 
therefore  the  Point  C  is  out  of  the  Periphery  of 
the  Circle  BbD.  But  the  Body  mov'd  in  the 
revolving  Orbit  is  found  in  the  Point  D ;  and  ic 
has  been  above  fhewn,  if  the  Body  /  be  mov'd 
with  Centripetal  Force  equal  to  i,  that  it  will 
come  to  the  Point  C ;  therefore  not  be  fo  much 
nrg'd  towards  the  Center  T.   [f»g.  j.] 

Again,  the  like  will  happen  if  (things  being  as 
before)  the  revolving  Orb  be  mov'd  in  untectdtnt'ta 
with  a  greater  Celerity  than  the  double  of  that 
Celerity  in  which  the  Line  TL  is  mov'd  in  cenft- 
juentisj  as  in  Fig.  1.  Becaufe  in  that  cafe  aTA 
is  more  than  twice  greater  than  ATLoc  aTl, 
ATI  will  be  greater  than^T'L;  therefore  (as 
before)  eC  will  be  greater  than  eh,  and  the 
Ptrfnt  C  will  be  without  the  Circle  h  D  S;  and 
for  the  fame  feafon  as  before,  the  Centripetal 
Force  of  the  Body  moving  in  the  revolving  Or- 
bit «/  ^  is  even  now  greater  than  the  Centripe- 
tal Force  of  the  fiody  moving  in  the  quiefcenc 
Orb  A  LP. 
r 

But 
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But  if  this  Orb  a  If  goes  back  with  a  celei 
left  than  twice  thar,  by  which  the  Dne  T  L  ijoeV 
forward,  as  in  Fig.  J  -  the  Body  /  delcendiiig  to- 
w:ird'i  its  lower  Apli>  will  be  urgd  by  aji  " 
Centripetal  Force  than  L  in  the  quiefcenr 
For  becaufe  the  Angle  A  Ta  h  not  double 
ocaTl,  ATI  will   be  left  than  aTl,  (that. 
ATL)  and  therefore  ee  lcf:>  than  ci;    and  ' 
that  reafon  the  Point  c,  to  which  i  wou'd  coi 
if  it  was  urg'd  with  chc  fame  Centripetal  Foi 
as  -t,  will  be  within  the  Circumference  oi-  i 
Circle  B  ^  D.     But  a  Body  moving  in  a  rev©! 
ving  Orb  has  been  before  flievvn  to  be  found  " 
the  Point  D,  more  remote  from  the  Center  th 
C  is  ;   therefore  the  Uody  /  defcribJng  the  OJ 
d  /p  is  urg'd  with  a  left  Centripetal  Force,  rhl 
the  Body  i,  which  is  carried  in  the  quiefcent  ' 
Orb  A  LP,     And  all  things  happen  contrary  to  - 
a  Body  afcending  from  its  lower,  to  its  upper 
Apfis;  and  fo  on  every  Time. 

.  COROLLARXz. 
Hence  alfo  the  dijference  of  the  Centripetal 
Forces  in  a  movable  and  unmovable  Orbit  (as  in 
Ji  anil',  Jig.  6.)  is  ro  the  Centripetal  Force,  by 
which  a  Body  may  be  mov'd  in  a  Circtilar  Motion 
flora  Nio  B  (in  the  ftiine  time  that  the  Body  L 
in  the  unmovable  Orbit  defcribes  the  Arc  L  B) 
as  RCxCh  10  e  Ir^.    For  the  faid  Forces  are  as 

t  their  Effefts  C  D  and  H  h  producd  in  the  fame 
iinall  portion  of  Time ;  biit  the  nafcent  Hl^  is 
equal  to  »  fj  and  C  D  has  been  fhewn  equal  10 
—  :    wherefore  the  faid  Forces  are  a^ 

CI 
frc 


■  and  »  e,  that  is,  as  R  C  x  C  ^  and 

CGy^nr.  But  the  Right-line  C  G  differs  little 
from  the  Right-line  Me,  and  (by  ?rof.  jf.  EU.) 
-'''  the 
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■the  ReAangle  under  M  e  and  f  n  is  eqml  to  the 

•Square  of  eh:    therefore  the  faid  Centripetal 

Forces  are  as  i?  C  x  C  h,  and  e  is.     Now  if  the 

known  Quantities  F  and  G  are  taken  in  that 

.  Katio  to  one  another  as  the  Angle  A  TL  has  to 

.jiTl,    that  is  of  if e  to  Cei    CR  will  be  as 

G  +  F,  and  C  A  as  G~F :  therefore  the  difference 

of  the  Centripetal  Forces  by  which  Bodies  are 

;lirg'd  in  a  movable  and  unmovable  Orb  in  R 

and  h,  h  to  the  Centripetal  Force  by  which  a 

Body  may  be  mov'd  in  a  Circular  Motion  from 

J^r  to  B  in  the  fame  time  as  L  defcribes  the  Arc 

LB,  asG+f  )eG— -Fee  f  q  j  thatis^  as  Ci — F'i 

Lemma. 

r       Iff  Body  UnA'mg  to  a  Focia  or  Centtr  T,  JeferihiS 

J  the  miffis  A  B  P,  -ivhofe  Apfes  are  A  arid  P  i  tU 
Centrifttal  Forte  hj/  which  the  Body  is  urg'd  in  the 

r  jififa  A,  ii  to  the  Centrifetal  Force  of  another  Body 

i    Ttvohing  in  tbt  Circte  A  E  H  ijf  the  fame  dijtance 

T  A  -with  the  fame  Velocity,  as  the  Diameter  of  tbt 

Circle  lo  the  latusre<auin  of  the  ESijffit.    [fvg-.y.] 

Thro'  A  draw  the  Right-line  AG  perpcndi- 

''  cular  to  A  T,  which  will  touch  the  Circle  as 
well  as  the  ElUpfis.  Thro'  the  Point  G  near  A 
draw  GEB  towards  F,  cutting  the  Circle  in  £ 
and  the  £llip(is  in  B.  Becaufe  the  nafcent  Arcs 
AB,  AE-JLTt  nearly  equal.  Bodies  fetiing  out 
together  wich  equal  Velocities  from  A  will  come 
at  the  fame  time  to  B  and  E ;  and  their  Cencri- 
tal  Forces  ate  as  their Effetfts  GB,  GE  produc'd 
the  fame  fmall  Titne.  Betides^  from  the  nature 
of  the  Circle,  El'i=AI-x.IH,  or  A Ix-DJam.  ■ 

i  And  by  the  nature  of  ehe  Ellipfis,  B  D-J^to  the 
Uius  return  •/.  AD  i^ov  the  deled,  or  quantit)' 
by  which  B  D  i  is  lefs  than  that  Reilangte,  va- 
:iwfliw  in  thij  cafe  as  foon  as  B  i>  is  nafcent ; ) 
-  but 
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but  the  fmall  nafcent  Lines  E  /  and  B  £>    

equal:  Therefore  AlK  Dlam.  of  the  Circla> 
^  JDif  latHi  riifiim  tif  the  EUipfis :  Therefore 
ji  D'  is  to  ^  /,  or  G  B  to  G  E,  or  the  Centripe- 
tal Force  in  the  £llipfis  to  the  Centripetal  Force 
in  the  Circle  as  the  DiLimeter  of  the  Circle  10 
the  latut  rciium  of  the  Ellipfis.    ^  £.  D, 

Proposition  V.  Lemma. 
TF  the Orh  ALP  ht  in EUlpJis^  wbtfe  latus  refttf  hi 
Jl  ii  2  Rj  having  !ti  Fuout  at  T,  itt  upper  Apjit  at 
A,  and  lower  at  P  i  and  thtre  he  another  Ellifjif  al  ■■ 
Mual  and  fimUar  to  it^  revolving  in  the  manner  .■• 
forefaid  rauni  the  focm  T,  and  the  given  ^uaHtUiti 
G  and  F  have  the  fanie  Ratio  at  the  AngUt  ATI 
and  A  T  L  J  if  the  Height  of  the  revolving  Body,  or 
the  Dijiance  from  the  Center  he  A  :  the  Centrifetal 
Forte  by  which  the  Body  may  resolve  in  the  movable 

EUipfu  w.Ube,  a,  ^^+ J— ;  ''ndon 

the  other  band^  when  fuch  a  Centripetal  Force  aBi,  tht 
Body  will  he  carried  in  a  movable  Ellipfis, 

Since  the  Force  by  which  the  Body  can  re- 
volve in  the  unmovable  Ellipfis  A  LP,n  (by 
,  Trop.  39.  B.  I.)  reciprocally  as  the  Square  of  the 

-  diuance  from  the  Center,  or  of  the  Height  ^ ; 

•  let  that  Force  be  exprefs'd  by  -^  and  the  Force 

Fi 
in  the  Apfis  A  will  be--=-"    But  the  Force  by 

>  which  the  Body  may  at  the  dillance  TA  revolve 

.  in  a  Circle  with  the  Velocity,  that  the  Body  re- 

.  volving  in  an  Ellipfis  has  in  /?,  is  (  by  the  fore- 

-  going  Lemma)  to  the  Force  by  which  the  Body 
'  revolving  in  an  Ellipfis  is  a^ed  upon  in  y^,  as 

-  the  half  latut  rtflum  of  the  ElKpfis  to  the  Semi- 

dtam<tcr 
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diameter  of  the  Circle,  or  as  R  to  AT i  there- 
fore its  value  is  Now  becaufe  (  by  Ca- 

Toli..  ?r<p.^)  the  difference  of  the  Forces  in  the 
Points  A  and  a  is  to  the  aforefaid  Force  in  the 

Circle,  ("whieh  is  equal  to— ^^ — r^asC^— F'lto 

AT  cub  J  _ 

F'i :  that  Difference  of  Forces  will  be  equal  to 

' — ^j. ■■  And  (byPro;.4.)  the  Difference 

ofche  Forces  in  any  other  Points  of  the  famo 
Height  (namely,  where  the  Height  W  is  unde- 
termin'd)  is  to  the  Difference  of  the  Forces  in 
theApfis^  (where  the  Height  isTA)  as  the 
Cube  of  TJ  to  J  cub. ;  therefore  in  any  Height 

-         ^r    ,  n    U       RING'S— RXFq    'r.r 

Its  Value  will  be -— .      If  therefore 

A  cub, 

to  the  Force  --,  by  which  a  BoJy  may  be  re- 
volv'd  in  an  unniovable  f  llipfis  y^ZP,  be  added 

the  faid  Difference — ;  the  whole 

A  cab. 

compounded  Forcewill  be ^ ; > 

by  which  a  Body  may  in  the  movable  Ellipfis 
rt  /  />  be  revolv'd  in  the  fame  time.    ^  E.  P. 

CO  RO  L  LA  RT   i. 

Hence  if  to  the  Centripetal  Force,  (whichi^ 

1  a  Duplicate  reciprocal  Ratio  of  the  Diftancas 

fcom  the  Center,  by  which  a  Body  revolves  ijl  ] 

1  unmov'd  Ellipfis)  be  fuperadded  to  any  otherJ 

Porce  wliich  is  reciprocally  as  the  Cube  of  the  J 

Diftance;  thsBody  will  defcribe  anEIIipfiswhofinj 

lApfes  are  carried  in  confe^uentia.     For  becauwl 

B  b  b  the  ' 


the  DifFerence,  which  lis  as  > 


i 
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A  7ttX 
is  in  this  cafe  pofitive,  G  will  exceed  Lj  that  ■ 
the  Angle  ATI  does  exceed  the  Angleyfj".., 
whence  (by  Cord.  i.  Pres.^)  the  Apfes  are  eith^ 

carried,  in  confu^asaii.'!,  OT  in  antccckntia^  with  a 
Celerity  greater  than  twice  that  by  which  the 
Bodyi.iscairied,irtcow/i^i<f«i(ir,in  theuniijovabic 
Orb  j  but  becaufe  this  lad  does  not  happen  in 
9ny  of  the  Celeftial  Bodies,  we  abftract  from  it 
in  this  cufe.  Bur  if  from  the  Force  (which  is  re- 
ciprocally in  a  Duplicate  Ratio  of  the  DiftancA^ 
be  taken  the  Force  which  is  reciprocally  in  a 
Triplicate  Ratio  of  ir,  the  Remainder  will  be  the 
Force,  by  whofe  ai^tion  a  Body  will  defcribe  an 
EHipfe  whofe  Apfes  go  backward  ;  for  theDif- 

fcrencc  of  the  Forces ■ — - — ; — — i*  in  t\mi 

,  cafe  negative ;  and  therefore  G  is  lefs  than  F,^ 
or  the  Angle  ATI  than  JTL. 

COROLLART    2.     lFjgp.-\ 

Hence  it  follows  alfo,  that  if  in  an  Orb  j 
which  differs  very  Uttle  from  a  Circle,  the  cea-. 
tripetal  Force,  as  you  recede  from  the  Center,, 
decreafes  more  (or  becomes  lefs)  than  in  a  D^-  > 
plicate  Ratio  of  che  encreas'd  diftance  ;  thSy 
Apfes  of  the  Orb  will  ba  mov'd ,  in  conft^jusntia^ 
For  let  the  unmovable  Ellipfis  ^  Z.  P  be  the  OrB? 
defcrib'd  by  a  Body,  which  is  urg'd  by  a  Forces 
tending  to  the  Center  T,  whofe  upper  Apfis  A  i^ 
twice  as  hr  diilant  from  the  Center  T  afL* 
the  lower  p;  not  thac  fuch  an  Orb  comes  lie^ 
to  a  Circle,  but  we  put  this  Proportion  only  bj| 
I  ^  way  of  Example,  and  to  make  the  cafe  plainwy, 
Let  us  fuppale  the  Centriperal  Force  by  whicl^ 
the 


m 
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the  Body  P  is  urg'd,  to  confift  of  400  Pam,  and 
the  Force  by  which  it  is  urgM  in  A  will  be  of 
100,  and  fo  proportionably  in  the  intermediate 
Places ;  namely,  ihat  Force  by  whofe  aSiion  the 
Body  wou'd   defcribe    the  unmovable    Ellipfis 
A  LP,  "L'is.  in  a  duplicate  reciproc;il  Ratio  of  the 
Diftance  from  the  Center.    Now  if  befides  this 
Force,  the  Body  in  P  is  urg'J  by  another  Force, 
whichisforEx.  as  64,  and  in /J  by  a  Fovce  which 
is  as  8,  and  propoitionably  in  the  intermediate 
Places;  namely,'  if  that  fuperadded  Force  be 
inverfly  as  the  Cube  of  the  Diftance  from  the 
Center  ;  in  that  cife  ;by  the  foregoing  CorolJ 
the  Apfes  will  be  carried  in  confcjamth.    But  tha 
I  whole  Force  in  V,  or  that  made  up  of  the  Two, 
ris  as  464,  and  the  Force  in  A  as  loS,  and  pro- 
f  porrionably  in  the  intermediate  Places ;  that  is, 
Iss  you  peccdt  from  the  Center  the  Centripetal 
■force  decrcafes  fafter  than  in  a  Duplicate  Ratio 
of  the  encreas'd  Diftance ;  for  if  it  was  only 
[diminini'd  in'  that  Duplicate  Ratio  of  the  Di- 
ftance, the  Force  in  A  wou'd  be  as  j  I'j.     And 
bho'  it  be  requir'dthat  a  new  Force,  fuperadded 
)  that  Firrt,  which  is  inverfly  as  the  Square  of 
he  Diftance,  be  every  where  precifely  as  the 
tube  of  the  faid  Diftance  inverfly,  that  an.EIIip- 
bc  Orbit  may  be  revo Iv'd,  in  confecjuentta,  about  the 
^nier  of  the  Forces :    yet  if  this  Ellipfis  differs 
t  little  from  a  Circle,  and  fuch  a  Force  wholly 
s  upon  the  Body,  as  in  receding  from  the 
liter  is  diminifti'd  more  than  the  Square  of  the 
ftance  from  the  Center  is  encreas'd;  the  Apfes 

^f  lU(A  an  Orb  will  be  mov'd,  in  cnnfeauentia. 
Fof  becaufe  in  an  Orb  that  isalmoft  circular, 
Kie  Diftances  from  the  Center  differ  but  very 
I  that  Force,  ('the  adding  of  which  occa- 
B  whole  Force  by  which  the  Body  is  urg'd 
Bbb  2  w 
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to  be  diminKh'd  more  than  the  Square  of  the 
l^iibince  from  the  Center  is  encreas'd^  is  dimi*- 
niHi'd  in  a  Ratio  which  differs  not  much  from 
a  Triplicate  Inverfe  Ratio  of  the  Diftance. 

It  follows  alfo,  that  if  in  an  Orb  nearly  circn- 
lar  the  Centripetal  Force  decreafes  lels  than  in 
a  Duplicate  Ratio  of  the  encreas'd  Diftance; 
Cthat  is^  be  greater  than  in  the  faid  Racio^  the 
Apfes  of  the  Orb  muft  move  in  anteceJentia.  For 
the  fame  Force  remaining  in  P  and  yi,  by  which 
a  Body  defcribes  an  unmovable  Ellipiis^  if  from 
it  you  take  away  a  Force  reciprocally  propof" 
tionable  to  the  Cube  of  the  Diftance  from  the 
Center  j  namely,  if  from  the  Force  in  P  yoa 
take  a  Force  that  is  as  64,  and  from  the  Force  ia 
A  a  Force  as  8,  and  after  the  fame  manner  io 
the  intermediate  places ;  there  will  every  wheit 
remain  a  Force  which ;  by  the  foregoing  Cora).) 
will  make  a  Body  defcribe  an  lillipfis  whofc 
Apfes  are  mov'd  in  anteceJentia.  But  the  Force  rt- 
maining  in  P  is  as  3  3  6,  and  the  Force  remaining 
in  A  as  92,  and  after  the  fam6  manner  in  the 
intermediate  places;  therefore  as  you  recede 
from  the  Center  the  Centripetal  Force  is  left 
diminiih'd  for  is  greater;  than  in  a  duplicate 
Ratio  of  the  encreas'd  Diftance  :  for  the  Force 
diminifii'd  in  a  duplicate  Ratio  of  the  faid  di- 
ftance, wou'd  in  ^  confift  of  84  Parts.  Whence, 
by  the  Reafons  before  given,  if  a  Body  in  an 
Orb  nearly  circular  be  urg'd  by  a  Force,  which, 
as  you  recede  from  the  Center,  is  diminifli'd  lefs 
than  in  a  Duplicate  Ratio  of  the  encreas^d  Di- 
ftance;  the  Apfes  of  the  Orb  will  be  carried  \ 
in  antecedent  ia.  Which  alfo  appears  by  CorgL  i. ' 
Trap.  4. 


Pro- 
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Proposition  VI.    Lemma. 

IN  Elliptie  OrhUs,  nearly  circular,  to  dettrmine  the} 
TH9tio»  of  the  jffet  from  the  given  Law  of  thi_ 
Centripetal  Force ;  and,  on  the  £on:rary,  from  tbf 
given  motion  of  the  Apfes  to  find  the  Lav  of  the  Cen-  ' 
tripetal  Forci,  fuppofng  the  Centripetal  Force  (a  be  at . 
ftmt  Power  of  the  Altitude. 
'  If  from  any  given  Law  of  Centripetal  Force* 
I   the  Motion  of  the  Apl'es  be  requir'd,  the  Pro- - 

■  blcm  will  be  folv'd  by  making  the  Orb,  which 
a  Body  revolving  in  a  movable  Ellipfis  defcribes 
in  an  unmov'd  Plane,  to  come  near  the  figure. 
of  the  Orb  whofe  Apfes  are  requii'd,  and  find- 

'  ■  ing  the  Apfes  of  an  Orb  fo  defcrib'd.    Now  the 

■  Orbs  come  neareft  to  that  figure,  when  the 
Centripetal  Forces,  by  which  they  are  defcrib'd, 
are  proportional  at  equal  diltances  from  the 
Center, 

Let  the  Point  A  (in  any  of  the  foregoing  Fi- 
gures) be  the  upper  Apfis,  T  ihe  center  of  the 
Forces.  Let  AT  the  greateft  Height  be  call'd 
T,  and  any  otherundeierminate  Altitude  J,  and 
their  difference  A'.  And  the  Force  by  which 
the  Body  is  urg'd  in  an  Eilipfis,  which  revolves 

Laboiit  itsFocQsTiis,  (by  the  foregoingjas  ■-7-,+ 


t 


cub.                                       A  cub.  ' 
^nd  laftly,  if  infteaJ  of  W  ^ou  fubftitute  T"— X, 
T-xF"— A'xF'l-t-RxG''— RxF"       _       . 
; .     Let  the 

Value  of  the  Centripetal  Force,  whofe  Law  is 
given,  be  reduc'd  to  a  limilar  Fracftion  j  that  is, 
fuch  a  one  wtiofc  Denominator  is  the  fame  A  cab. 
and  the  Numerators  (by  comparing  the  homo- 
Bbb  5  logons 
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logous  Terms)  are  to  be  taken  analogous ;  from 
the  comparifon  of  which  will  be  made  out  the 
Ratio  of  G  to  iv,  or  the  required  Motion  of  tho 
Apfes.  Lee  the  Law  of  the  Centripetal  Foroe 
be  given,  as  for  Example,  let  it  be  as  a  Power 
of  the  Diftance  from  the  Center,  whofe  Expo* 

nent  is  the  given  p,  or  as  ^p,  that  is  as——: — .. 

Inftcad  of  the  given  ;>+ ;  put  »,  and  inftcad  of 
ji  in  the  Numerator  T-^-X  j  and  the  Centripetal 

Force  will  be  as — — -'     Let  T-^X^  the  Nu^ 

A^ 

merator  of  this  Fra  Aion  be  reduc'd  to  an  Infi- 
nite Series,  namely,  to  T^-^n^T^ — 'Jf+»>C 

^  X  T^—^X^~&c.   Let  the  Terms  of  this  Nu- 

merator  be  compared  with  the  Terms  of  the  fore* 
going  Numerator,  v'tz..  7  y.  F'^-^x^  F'^+Ryc  G^ 
— RxF^j  that  is,  the  given  with  the  given, 
and  the  not  given  (or  thofe  in  which  the  unde^ 
termin'd  X  is  found)  with  the  not  given ;  and 
T'xF^'+lfxG*'— RxF'*  will  be  torn  as— i^'^xAi' 

to— wxrn— '  X+»x^'  XT'"— ^  X»  &c.  that 

is,  as— f*  to— »x T" — ^  +» X  ' —  xT^ — ^X &c 

And  becaufe  the  Ellipfis  in  queftion  is  nearly 
circular,  in  which  half  the  latus  trr.nfverfuwy  ^nd 
half  the  latus  reBuwy  or  7"  and  R  are  equal,  and 
all  the  Altitudes  or  Diftances  from  the  Center 
are  nearly  the  fame,  therefore  X,  in  refped  of 
them^  is  almoft  equal  to  nothing  j  that  i§,  the 
Terms  affe<fted  by  that  vanifhing  j  by  the  mutual 
deflrudion  of  the  Terms,  and  the  negle<9:  of  thofe 
that  vanifli,  the  firft  Analogy  will  be  cliang'd 
into  this,  R  x  G**  is  to  T^  as— 'F**  is  to  »  x  t^ — *  • 
jwd  ftiJl  putting  T  in  the  room  of  R  in  the  firft 

■     Term, 
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Term,  TxGs  will  be  toT"  asf  to  jixT^-^'- 
thereforeGti  will  be  to  r* — '  3s  F-i  comxTT'— »■' 
ftnd  again,  Gh  to  F'i  as  7^—'  to  »  r"— ';  that 
is,  as  1  tow  .'  therefore  G  will  be  to  F  (that  is 
the  Angle  A  Tito  the  Angle  A  T  L)  as  i  to  v'«' 
Wherefore  fince  the  Angle,  which  the  Body  in 
ihe  unmoviible  Eilipll^  dcfcribei  in  its  deicent 
flFrom  the  upper  to  the  lower  Apfis,  is  equal  to 
.  Two  Right ;  the  Angle,|which  the  Body  (that  15 
Ufg'd  by  a  Cenciipetal  Force  proportional  to  a 
Power  of  the  Altitude  whofe  Exponent  is/»  or 
»— ;)  moving  in  an  Orbit  nearly  circular,  de- 
fcribes  in  its  defcent  from  the  upper  to  the 
'  lower  ApHs,  will  be  equal  co  Two  Right ;  the 
Angle,  which  .i  Body,  (which  is  afted  upon  by 
a  Centripetal  Force  proportional  to  a  Power  of 
the  Altimde  whofe  Exponent  is  p  or  ji-j)  de- 
scending from  its  upper  to  its  lower  Apfes,  in 
■an  Orbit  nearly  circular,  defcribes,  will  be  to 
JXwo  Right  as  i  to  v'»  j  therefore  in  ,an  Arith- 


i-metical  Phrafe  equal  to 


■Sq  Peg. 


and  an  eijual 


Angle  bfeing  repeated,  A  Body  will  return  from 
I    its  lower  to  its  upper  Apfis^  and  fo  on  continu- 

r  ally- 

P_.  And,  On  .the  contrary,  if  the  Centripetal 
fForce  be  as  any  I'ower  of  the  Height,  ^that 
T>bwer  may  be  found  from  the  Motion  of  the 
■Apfcs;  ll:^lTle!y,  if  the  Angular  Motion,  by 
^which  a  Body  dcfcends  from  the  upper  to  the 
lower  Aplis,  or  the  whole  Angular  Motion  by 
Vhich  ;i  Body  receding  from  an  Apfis  retarns  to 
it,  be  to  the  Angular  Morion  of  a  whole  Revo- 
lution (or  to  360  d'^e. )  as  Unity  is  to  the  Nuni- 
''ber  •t/rt ;  the  Centripetal  Force  will  be  as  a 
Wower  of  the  Altitude,  whofe  Eicponcnt  is  »— ;. 
iFor  if  the  Centripetal  Force  be  .nA^     ',  by 


Bbb  4 
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libe  firft  Part  of  this  Propofition  there  will  be 
the  faid  Ratio  between  the  Angular  Motions^ 
:or  between  G  a^d  F;  and  therefore  this  Ls»w  of 
the  Centripetal  Fgrce  will  depend  upon  that 
proportion  between  G  and  F.  Therefore  the 
Centripetal  Force  required  is  found.    ^  £.  K 

sSC  HO  LJUM. 
\ye  will  give  fome  Examples  of  this  Propofi- 
tiofi  in  (ome  of  the  tno&  remarkable  Cafes. 
The  Anglo*  is  required,  which  a  Body  makes  in 
Its  defcent  from  its  upper  to  its  lower  Apfis  in 
an  Orb  nearly  circular,  whilft  it  is  urg'd  by  an 
l^iiform  Centripetal  Force,  or  a  Force  which  is 
t^e  &me  in  all  Altitudes.  Becaufe  in  this  cafe 
the  Centripetal  Force  is  conftant,  either  as  A^, 
oras^5 — 5^  »=},  andv^»=v^;;  therefore  the 
Angle  defcrib'd  by  a  Body  moving  from  its  up- 

ipcr  to  its  lower  Apfis  is  of  *— ^ — -  or  ofup^^^s. 

jry',  and  that  Angle  being  again  defcrib'd,  it 
returns  to  the  upper  Apfis,  the  Apfis  being  carr 
ried  fwiftly  in  antece^entia.  But  if  the  Centripe- 
tal Force  be  as  the  Altitude  itfelf  or  A^y  that  is, 
z$A^ — ^i  n  will  be:pE4,  and  the  Angle  between 

the  Rpper  and  the  lower  Apfis  -Ty — ^or  90^^^. 

therefore  the  Apfes  of  fugh  an  Orbit  are  garried  * 
in  antecedentia  with  the  fame  angular  Celerity, 
as  the  Body  defcribing  the  Orb  is  carried  in  coh^ 
fequentia.    Likewife  if  the  Centripetal  Force  be  * 

^s  A—  inverfly,  or  as  A-r-^  pr  as  ^ —  ^  ^  n  will 

be  =4^  and  y'w  =  t  ;  therefore  the  Angle  be- 
tween the  upper  and  the  lower  Apfis,  which  is 

pfilsi!!:^  is  of  36o^<^f.  that  is,  a^Pody  which 

5  ^    '        •  •        .    .      ' 
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urg'd  by  fuch  a  Force,  as  it  recedes  from  its 
Upper  Apfis,  and  then  foncinually  defcends,  will 
come  10  its  lower  Aplls  when  it  has  made  one 
Vholp  Kevolution  ;  then  by  a  conftant  afcenr, 
s$  ir  goes  thro'  another  whole  Revolution,  it 
will  return  to  the  upper  Apfis,  and  fo  on  con- 
ftantly. 

k  Suppofe,  on  the  other  hand,  that  the  Motion 
of  the  Apfes  is  given,  and  the  Law  of  the  Cen- 
tripetal Force  be  requir'd  ;  for  Example,  let  the 
law  of  tlut  Centripetal  Force  be  requir'd  by 
which  that  Body  is  acJled  upon,  which  in  one 
Revolution  and  a  half,  by  an  alternate  defcent 
and  afcent,  from  the  upper  Apfis  returns  again 
to  the  upper  Aplls.  Becauft  in  that  ca(e,  the 
angular  Motion  by  which  a  Body  defcends  from 
the  upper  Aplls  to  the  lower  is  of  27o'''=s.  the 
fourth  Proponionii]  to  z-^a^'^e.  iSo'^'^s.  and  i, 
or  v'w,  will  be  equal  to  |,  and  therefore  n=|-; 
and  fo  (by  the  fecond  part  of  this  Proposition) 
clie  Centripetal  Force  is  as  A^'~^ ;  that  is  reci- 
procally ssA> — y  or  yi'jf.  Again,  let  the  Law 
of  that  Centripetiil  Force  be  requir'd  by  which 
that  Body  is  aiSed  upon,  which  from  the  upper 
Aplls  to  the  upper  Aplis  again,  makes  ^6';'^^S. 
that  is,  which  is  carried  in  an  Orbit  almoft 
_  Circplar,  whofe  upper  Apfis  every  Revolution 
'  of  the  Body  goes  thro'  three  Degrees  in  confe- 
(jumiia.  Becaufe  the  whole  Angular  Motion 
by  which  a  Body  receding  from  the  upper  Apjis 
goes  back  to  it  again,  is  to  the  angular  Morion 
of  ;6o'''^^is'.  as  ;6j  to  560;  v'w,  or  the  fourth 
Proportional  to  56;,  360  and  i  will  he  ^H ; 
therefore  »  will  be  If^yfj- :  and  the  Centripetal 
force  as  A  TTTT^^  — ;  or  as  A — H+f^i-;  that  is, 
inverflyas-^  n^^fi-J,  or  inverQyasv^'-jJ-r.  There- 
fore the  Centripetal  Force,  by  which  a  Body  i$ 
^_  urg'd. 
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ttrg'd,  that  defcribes  an  Orbit  whofe  Apfes  I 
one  Revolution  of  the  Body  are  mov'd  3*" 
'  in  eoftfr-juentia,  as  the  Body  recedes  from  ti 
Center  decreafes  in  a  Ratio  fomething  greatd 
than  Duplicate,  but  60  times  nearer  a  DuplicaNf 
than  a  Triplicate. 

COROLLART. 
Hence  it  is  plain,  that  if  the  Centripetal 
Force,  by  which  the  Body  is  urg'd  in  its  ap- 
proach to  the  Center,  encreafes  in  a  Triplicate 
or  a  leis  Ratio  of  the  diminifh'd  Altitude, 
the  Body  if  it  begins  to  defcend,  will  never 
come  to  the  lower  Apfis,  but  defcend  quite  to 
the  Center;  but  if  from  the  Apfis  it  afcends 
ever  fo  little,  it  will  never  come  to  the  upper 
Apfis,  but  continue  to  afcend  in  Infinitum.  Fof 
becaufe  the  Centripetal  Force  is  reciprocally  as 
j^ijthat  is  as^^ — ',  that  is/"  =~-j;  w(=/)+j) 
will  be  =0,  and  i/n-^n  ;  and  the  Angle  by  chs 
defcription  of  which  a  Body  wilt  go  from  the 
upper  to  the  lower,  or  from  the  lower  to  the 
A     r-  Mil  t         '80  dee.  ,      . 

Upper  Apfis,  will  he  equal  to >  or  be  in- 
finite :  therefore  it  will  never  come  to  the  other 
Apfis,  but  after  innumerable  Revolutions  it  will 
either  defcend  to  the  Center  or  afcend  in  hrfinl- 
ts4fn.  But  if  the  Force  in  tlie  recefs  of  the  Body 
from  the  Center  decreafes  in  a  Ratio  of  the  Di- 
ftance  greater  than  Triplicate,  n  will  be  a  ne* 
gacive  quantity,  and  ■*/«  will  be  a  thing  impoP- 
*ible ;  whence  ihe  Truth  of  the  Propoficion  is 
plain.  And  on  the  other  hand  it  appears,  that 
if  aBody  afcending  and  defcending  alternately 
from  Apfis  to  Apfis,  never  comes  to  the  Center; 
the  Force,  as  you  recede  from  the  Center,  will 
richer  be  encreas'd  or  diminifii'd  in  a  lefs  Racia 
.  '                               .  of 
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E  of  (he  Height  than  a  Triplicate:  and  by  how 
I  much  tefs  rhe  Angle  is,  which  defcrib'd  by  the 
I  Body,  whiirt  it  goes  fiom  ^pfis  to  Apfis,  by  fo 
f  much  more  wi']  that  Racio  of  che  Forces  diiFer 
from  -A  Triplicate  reciprocal  Ra:io, 

Proposition  VH-  Lemma. 

IN U^iflical  Orhits,  which  are  nrarly  Circular ^  I9 
itttrnnine  the  Motion  of  the  Afjci  from  the  gii/m 
Lfw  tftht  Centripetal  force,  fvfpnfin^  the  Ctniripetal 
Force  to  be  ei  toe  Sum  or  t>ijereace  bf  any  Twa 
Feivers  of  the  Altitudei. 

Things  being  as  before,  let  w  If  and  C  any 
given  quantities,  of  which  m  is  ilie  Exponent 
of  (he  I'ower,  ynd  ^Ifo  »  as  in  the  forego- 
ing ;  and  let  the  given  Law  of  the  Centripetal 
Torce  iie  fuch,  that  it  may  be  every  where  as 

Tr~f — i  or  elfe  puttmg  7-A  inltead  of  A^z% 

i  %T—X>P + C  X  7^— A'".  Reducing  its  Value  to  an 

A  ' 

•  Infinite  Series,  che  Centripetal  Force  will  be  as 


We  muit  lay   down  as  analogous  this   Value 

of  the  Centripetal    1  orce,    and    the    Value 

before  found  of    that  Force  which  makes  a 

f  jjody   move    in    a    movable     Ellipfis,     -viz^ 

f  ■/•»<  Fi  —  A' X  F-J  +  J?  >(  G  ^  —  R  X  F"! 

1 _ .     that  IS, 

L  when  theft  Values  have  hitherto  the  Jame  De- 
y  nominator,  the  given  part  of  one  Numerator  is 
[  to  have  the  fame  Ratio  to  its  part  not  given,  as 
1  iJlc  given  part  of  the  other  Numerator  to  its 

part 
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part  not  given  j  that  is,  UxG^  —  UxPl+ricFq 
muft  be  to  — •  F^  xJST,  as  il*"*  +  cr"  is  to — 

ixw  r™-'  X+  ^xwx-^!^!*'-*  J!f*— Cx» 

2 

rn-' Z  +  C>ciix^'xr«-*-y*  c^c.     And  as 

the  Orbits  arc  fuppos'd  almoft  circular,  T'and  R 
will  be  equal.  Befides,  by  applying  the  Con- 
fequents  to  —  -X,  and  negleding  the  Terms 
afFeded  by  -Y  as  being  very  fmall,  (becaufe  X  is 
infinitely  little)  Ty^G'i  will  be  to  F^  as  b  T^ 
+  CTo  toix»fxr™-«  +  CxwTn-'.  Or,  to 
make  it  more  fimple,  that  all  the  Powers  of  T 
may  become  equal,  let  T  be  put  for  Unity  * 
then  G^  will  be*  to  F4  as  ^  +  C  to  ^  »i  +  Cn. 
And  for  that  reafon  G  to  F,  or  (as  in  the  fig.  of 
Trcp. 4.)  the  Angle  A  tl  to  the  Angle  ATLvl%^ 

TX+C  tO^bm^Cn,  ^^  as  I  to  ^bm^Cn^ 

And  therefore  when  the  Angle  between  the  up- 
per and  lower  Apfis  in  an  unmovable  Eilipfis 
becomes  equal  to  Two  right ;  the  Angle  whiph 
the  Body  (by  a  Centripetal  Force  proportional 

J5 ^    defcribes    m    its     defcent 

from  its  upper  to  its  lower  Apfis,  or  contra- 
ry aCjent,  is  to  Two  Right  j  as  i  to  y  jM^f^^ 
aod  in  an  Arithmetical  Phrafe  tliat  Angle  is 

i/j~^xi8pde§.  ;f  fhe  Centripetal  Force 
be  as  the  Difference  of  Two  Powers  of  the 
Altitude,   (namely  as  — -^i )  putting 

•r-  C  in  the  room  of  +  C  in  the  value  already 
found,  the  Angle  between  the  upper  and  Idwer 
Apfis,  of  9  movable  Orbit  nearly  circular,  is 

.   equal 
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equal  to  V"  j^tT*'  iSo^^B.  The  fame  Way 
will  the  Problem  be  folv'd  in  more  difficult 
Caies. 

SCHOLIUM. 
If  a  Body  aded  on  by  a  Centripetal  Force, 
which  is  reciprocally  as  the  Square  of  the  Alti- 
tude be  revolv'd  in  a  movable  EHiplis,  that  has 
ics  Focus  in  the  Center  of  the  Forces,  and  to 
this  Centripetal  Force  be  added,  or  from  it  be 
taken  any  other  Force,  whole  Law  and  Quan- 
tity is  given  j  the  Motion  of  the  Aplb  ariling 
■  from  that  given  Force  will  be  determin'd  by 

this  Propofition  ;  namely,  if  from  the  Force -j^ 
"  be  taken  an  extrinfecal  Force,  which  is  as  the 
Altitude  orDiftance  from  the  Center,  namely, 
as  C^;  the  remaining  Force  by  which  the  Body 
,isurg'd,  will  be  -^- — ,  where  i=i,  wj=r, 
«=:4 :   Therefore  the  Angle  of  the  Revolution 

between  the  Apfes  is  \^~zid  ^^^°'^^^-  ^°'^ ^^■ 
Let  the  extrinfecal  Force  which  is  taken  away 
be  3J7j  4f  times  lefs  than  the  Primary  Force, 
by  which  the  Body  is  revolv'd  in  an  Ellipfis, 
which,  to  make  it  eafy  we  have  call'd  1  j  and 
I,  C  will  be  =  ,-^0. 


35745 

,0084877^4,  and  V: 
1— c 


— 77,  and  1 

35745 

therefore  ■ 


therefore  v' 


1  tween 
»oo42j4 


1—4(7        35J4S 

,_^(,-i,  004234.  And 

the  Angle  be- 

the  Apfes  in  a  movable  Orbit, 


i—^C 


-X  i8oat 


X  iSo^cg.  or  iSodcg, 76228,  that  i 
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1 80 ^<^g.  4y'  4±\  Therefore  the  Motion  of  the 
Apfes  is  founa  in  one  half  Revolution^  or  whilfl 
the  Body  defcends  from  the  upper  to  the  lower 

Aplis,  'uiz^  4J^  44''  in  confcqucntijy  and  fo  oiuch 

does  the  Body  go  forward  when  it  afcends  from 
the  lower  to  the  upper  Apfis ;  that  is,  each  Re- 
volution of  the  Body  the  Apfis  is  carried  in  cm- 
fequentid  i**.  51'.  28^^ 

And  converfely,  if  the  Angle  between  the 
Apfes  be  given,  you  may  find  what  Ratio  the 
extrinfecal  Force  (whofe  Law  is  given  )  has  co 
that  Force  by  which  a  Body  wou'd  be  mov'd  in 
an  unmovable  Ellipfis :  namely,  if  a  Body  re- . 
.  turn'd  from  the  upper  Apfis  to  the  upper  Apfis 
again,  makes  by  its  angular  Motion  au  Angle 
of  3 1  y  "*,  the  Apfis  at  the  fame  time  moving  4y  ^ 
in  antecedentia,  and  the  Ratio  of  chat  fuperadded 
Force  (which  is  as  the  Altitude)  to  the  Primary 
Force  by  which  a  Body  wou'd  move  in  an  un- 
moved Ellipfis  be  required.  For,  becaufe  it  has 
by  this  Propoficion  been  demonftrated,  that  the 
Angle  between  the  upper  and  the  lower  Apfis  is 

i/r — ^^x  180°,  or  that  the  Angle  between 
the  upper  and  the  npper  Apfis  is  \^  —"^^  „ 

Bin  ^  C n 

x  360°,  that  is  (in  the  prcfent  cafe,  where  the 
fuperadded  Force  is  as  the  Altitude )  ^/  i±-£ 


^56^,  51  j^  will  be  =^v^i±£x;6o^     And 

by  refqlving  that  Equation  its  Value  C  will  be 
found  ^-j;.  But  as  this  Primary  Force,  by  which 
a  Body  wou'd  move  in  an  unmovable  Ellipfis, 
be  fuppos'd  I  J  this  Force  will  be  to  the  added 
Force   (which  is    c  ihe  Altitude,  and  which 

makes 


\. 
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makes  the  Apfes  go  back  fo  fwiftly)   as  44 

tOf. 

COSOLLART. 
From  the  foregoing  Scholium,  and  the  z^ 
Corollary  of  Prop.  f.  ic  follows,  thar  if  from  a 
Force  which  is  in  a  Duphcate  Ratio  of  the  Aki- 
tude  inverfly,  be  fubtraaed  a  Force  which  is 
^directly  as  the  Altitude,  there  will  be  left  a 
'  Force,  which  as  you  recede  from  the  Center 
■decreafes  more  (or  is  lefs)  than  in  a  Duplicate 
Ratio  of  the  encreas'd  Alcituds,  or  a  Force 
which  as  you  approach  to  the  Center  encreafes 
more  Cof  is  greater)  than  in  a  Duplicate  Ratio 
of  the  dimimlb'd  Akitude;  for  as  well  in  that 
.cafe  as  in  this,  the  Apfes  of  the  Orb  go  forward, 
and  for  that  reaibn  the  two  Cafes  become  the 
fame.  And  ic  appears  by  the  lame  reafoning, 
that  if  to  a  Force  which  is  Ln  a  Duplicate  reci- 
procal Ratio  of  the  Diftance  from  the  Center, 
be  added  an  extrinlecal  Force,  which  is  direi21y 
as  the  faid  diftance,  the  Sutn'of  'cm  will  be  a 
Force,  which,  as  you  recede  from  the  Center, 
decreafes  lefs  (or  is  greater)  than  in  a  Duplicate 
Ratio  of  the  encreas'd  diftance,  or  (what  is  the 
fame)  which  as  you  come  towards  the  Center, 
encreafes  lefs  (or  is  lefs)  than  in  a  Duplicate 
Ratio  of  the  diminiHi'd  Diftance.  But  thcfe 
alfoarean  immediate  Confequence  of  Ctr.  x. 
T,-,f.  4. 
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Proposition  VIII. 

IF  a  Second:iry  Vianet  L  defcrlbcs  an  Elliptic  Orbit 
whofe  Focus  is  T,  about  the  Primary  Vianet  T  ; 
its  greater  AoitSy  or  Line  of  the  Apfes  by  its  Angular 
Motion  goes  forward  twiccy  and  backward  twice, 
every  Revolution  of  the  Satellite  L  ;  that  is,  it  goes 
firward  twice  when  L  is  tin  the  Syzypes  G  and  B, 
hut  it  goes  back  when  L  is  in  C  and  D  the  ^adra- 
tares  with  the  Sun.     [Fig.  lo.] 

Let  S  denote  the  Sun,  T  a  Primary  Planet 
moving  in  the  Orbit  D  C,  from  D  towardsiC 
about  the  Sun,  L  a  Secondary  Planet  defcribing 
an  Elliptic  Orbit,  whofe  Focus  is  T,  from  Cto  G 
towards  D*    Now  becaufe  in  thefe  Three  Bodies 
the  accelerating  Attradions  of  any  Two  on  the 
Third  are  (  by  what  has  been  (hewn  in  Book  i.) 
to  one  another  reciprocally  in  a  Duplicate  Ratio 
of  the  Diftanpes  from  it,  this  brings  us  to  the 
Cafe  of  the  firft  Propoficion  of  this  Book  (whofe 
Conftruftion  we  here  fuppofe)  in  which  it  is 
fliewn,  that  the  Satellite  L  is  urg  d  by  a  double 
accelerating  Force,  the  one  from  L  to  T,  and 
the  other  from  L  to  5.    And  as  the  firft  Force 
from  L  to  2",  arifing  from  the  mutual  Attradion 
of  the  Bodies  L  and  Ty  be  reciprocally  propor- 
tional to  the  Square  of  the  Diftance  (by  Corel.  2. 
Trop^,  yi.  Book  i.)  the  Body  L  will  by  that  Force 
alone  defcribe  an  Ellipfis,  which  has  its  Focus 
in  71    But  becaufe  the  laft  Force,  by  which  L 
is  aded  upon,  and  which  is  direfted  from  L  to  5 
(and  is,  by  what  has  been  before  fhewn  inProp.i. 
as  the  Right  line  A  S)  is  refolv'd  into  Two  For- 
ces, one  of  which  is  as  A  Af,  and  the  other  as 
MS,  which  is  always  reduc'd  to  MN,  as  has 
been  fliewn,  and  with  the  diredion  of  thefe 
Right  lines ;  of  which  that  which  is  sls  AM, 

tho' 
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tho'  it  has  the  fame  diretftion  wiih  the  firft,  by 
which  T  draws  £,  yet  it  does  not  oblerve  the 
fame  Law  j  neither  is  ^M  reciprocally  as.  the 
Square  of  rhe  Right  line  L  7,  which  [is  the  EH- 
ftance  of  the  Body  L  from  T,  bur  almoft  dire- 
iSIy  as  £7';  for  as  /LT'encreafeSj  things  remain- 
ing as  before,  JM  encreafes  almoft  in  the  fame 
■  Ratio;  for  SL,  by  reafon  of  the  Diftance  of 
.  the  Body  5,  is  almoft  p^irallel  to  ST";  the  Force, 
';  by  which  t  when  it  is  in  tlie  Quadrature  C  aad 
^  X)  is  urg'd  toward  T,  bi:ing  compounded  of  two 
'  Cnatofily  that  firft  by  which  7"  draws  L,  and 
r"  which  is  inverfly  as  the  Square  of  the  Diftance 
LT,  and  that  which  being;  as  AM,  is  almoft: 
dire£t!y  as  the  very  Diftance  I.  T,  for  the 
third  Force  MN  in  that  cafe  is  nothing) 
is  not  as  the  ::rqLiare  of  the  Diftance  inverfly, 
but  as  you  recede  from  T,  dccreales  in  a 
lefs  ratio  th;in  a  duplicate  of  the  encreafed  Di- 
ftance :  When  therefore  to  iheForce,  which  is  re- 
ciprocally proportio,nal  to  the  Square  ot  the  Di- 
ftance from  the  Center  or  Altitude,  namely,  tha: 
by  which  L  draws  T,  an  extrinfecal  Force,  which 
is  as  the  Altitude  ic  felf ,  is  added,  there  will ,''  by 
Cor.  of  the  foregoing  Prop.)  be  conifKjunded  s 
Force  by  whofe  aflion  the  Body  defcribes  an 
lUipfls,  whofe  Apfes  are  mov'd  in  antecsdcnth. 
Therefore  when  the  Satellite  is  in  the  Quadra- 
tures, the  Apfes  of  the  IMlipcicOrbitgo  backward. 
But  if  the  Satellite  L  [fi^.  ri.J  be  in  G  the 
fconjunrtion,  or  B  the  Oppoiition  with  the  Sun 
B,  in  which  cafe  the  Force  A  Ai  vanilhes,  be- 
lides  the  Force  by  which  7" draws  L;  and  which 
Is  reciprocally  as  the  Square  of  the  Altitude  7'£; 
|the  Body  L  will  be  urg'd  by,  the  Force  M  Ny 
Ijpuftiing  from  M  to  W,  wliich  is  not  as  the  Square 
«f  the  Allieude  T L  inverfly  ;  but  encrcafing  as 
\.  fee  the 
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the  faid  Altitude  ericreafes,  and  almoft  as  TL 
it  felf  dircdly.  Therefore  when  from  a  Force 
reciprocally  proportional  to  the  Square  of  the 
Aiticude^  by  which  T  draws  L,  is  taken  away 
an  extrinfecal  Force,  (i;/^:,.  a  Force  arifing  from 
the  Sun's  Adion)  which  is  almoft  as  the  Alti- 
tude itfelf  J  there  will  ( by  the  Corollary  of  the 
foregoing  Propofition )  be  left  a  Force  by  whofe 
z6t\on  a  Body  is  carried  in  an  Ellipfis,  whofe 
•Apfes  are  mov'd  in  confetjuentia*  Therefore 
when  a  Secondary  Planet  is  in  the  Syzygies 
with  the  Sun,  the  Apfes  of  the  Elliptic  Orbit 
defcrib'd  by  it  go  forward. 

But  when  the  Place  of  the  Satellite  is  between 
the  Syzygies  and  the  Quadratures  with  the  Sun, 
the  Motion  of  the  Apfes  depends  upon  the  two 
forementionM  Caufes  jointly^  namely,  upon 
an  extrinfecal  Force,  added  as  A  My  and  taken 
away  zs  M  N;  in  fuch  manner  that  the  ApfcSj 
according  to  the  excefs  of  the  one  or  the  other, 
go  forward  or  backward :  Therefore  in  each  Rc- 
Tolution  of  the  Satellite  L  about  T,  the  Apfes  by 
turns  go  forward  twice,  and  backward  twice. 


r 


Proposition  IX.    Lemma. 

IN  fig.  II.  the  Force  M  N  in  the  Syzygies  k  al*  [ 
moH  twice  greater  than  the  Force  A  M  i;y  til 
Quadratures. 

In  the  Syzygies  5  A/  is  to  5  N  in  a  Duplicate 
Ratio  of  5  JV  to  S  L:  but  the  Diftance  of  the 
Points  N"andT,  when  compared  with  ST'tbe  Di- 
ftance of  a  Planet  from  the  Sun  vanifties,  there- 
fore 5  r  is  equal  to  S  Nj  and  alfo  S  M  is  i 
5  T  in  a  Duplicate  Ratio  of  5  7*  to  S  L :  M 
Quantities  Arithmetically  proportional  as  S'i 
ST,  SGy  &c.  when  their  Interval  S  T  or  7TG 

is  very  littla  in  refpeft  of  any  one  of  'era  as  5G 


f 
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are  alfo  as  it  were  Geometrically  Propotcional, 
and  fo  inverfly  j  wherefore  if  you  fuppofe  B  M 
fin  the  firft  fig,  11.)  and  G  M  fin  the  fecond 
jf^.  II J  equal  to  TB,  you  wiil  find  that  [in  the 
firft  j%.  II.)  MS,  B  S,  TS,  and  LS,  and 
(■in  the  fecond  fig.  11.)  MS,  G  S,  TS^  L  S^ 
will  be  nearly  in  a  concinu'd  Geometrical  Pro- 
portion: Thefefore  in  each  Figure  MS,  is  to 
T^  in  a  Duplicate  Ratio  of  T^  to  LS.  But 
!-  -iWT  is  (by  ConftruiSionJ  twice  greater  than 
fr  tTB,  which  (  by  (he  foregoing)  is  equal  to  A M 
f  Xn  the  Quadraturesj  and  M  N  is  almoft  equal  to 
MT.  Therefore  MN  in  tile  Syzygies  is  as  ic 
were  twice  greater  than  AM  in  the  Q.ui?dratures. 
^  E.  D. 

Proposition  X< 

IN  each  Rtvoluthn  of  any  Sa:,^liite  the  Apfei  far 
the  wofi  fart  go  forwurd  Wire  th.:n  they  go  b.ick-' 
mM^ardy  and  are  by  the  Exccfs  of  their  going  forw.rrd 
arrkd  in  confequentia. 
For  the  Force  MN  in  tha  Syzygies,  (which 
feeing  taken  away  from  the  Force  with  whicli 
T  draws  L,  is  the  caufe  that  the  Apfes  go  for- 
Wardjis  (by  the  foregoing  LemmaJ  as  it  were 
kwice  greater  than  the  Force  A  M  in  the  Qua- 
llratures,  by  whofe  addition  to  tlie  faid  Force, 
liy  which  T  draws  L,  the  Apfes  go  backward : 
And  therefore  the  Escefs  in  one  whole  Revo- 
ptfon  of  the  Satellite  will  be  within  the  Power 
"  M  N,  and  will  transfer  the  Apfes  i»  cuvfi- 
mia.    ^  E.  D. 
j  Thefe  will  happen  fo  commonly,  and  cafe^ii 
rihus :  But  there  are  particular  cafes,  (as  will 
;  fliewn  in  the  next  Prop.)  in  which,  in  one 
roluiion  of  the  Satellite  about  its  Primary 
net,  the  Apfes  go  backward  more  than  they 
"  ^ard. 

Ccc  2  Pb.< 
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Proposition  XL 

IN  (me  Revolutim  af  the  SattSlte  L about  T,  rfe 
Progrefs  ^f  the  ^^ffts  exceeds  their  Regrefsy  TvbeB 
they  are  in  the  Sjx,ygles  with  the  Suny  mere  than  if 
thej  were  farther  from  it :  But  the  Rfgrefs  of  tie 
Affes  exceeds  their  Prc^refs  in  one  Rivdutum  of  the 
Satellite,  when  the  Af^es  are  in  the ^adr attires  with 
the  Sun ;  Tet  they  go  forward  more  and  fwiftef  in  their 
SfZJfgieSf  but  they  recede  lefs  and  flower  in  th§  .^tuh 
aratures  j  and  by  the  Excefs  of  the  Progrefs  aboTfg  the 
Regrefif  in  one  Re'vohition  of  the  Affei  about  the  Smt, 
are  carried tn  confcquentia,  [fig.  ii.  and  12.3 

Becaufe  (by Cor.  2. Prop,  j.)  the  Progrefior 
RegrcTs  of  the  Apfes  depends  upon  the  Centri* 
petal  Force  of  the  Satellite  towards  its  Primary; 
which  dccreafes  more  or  lefs  than  in  a  Duplicate 
Ratio  of  the  encreas'd  Diftance  as  you  reosde 
from  the  Center^  or  in  thePaifage  from  the 
tower  to  the  upper  Apfis^  as  alfo  upon  a  000^ 
crary  increment  as  you  go  towards  the  Ceacer 
or  return  to  the  lower  Apfis;  it  is  plain  that  die 
iVogrcfs  or  Regrefs  is  the  greateft,  when  the 
Ratio  between  the  Forces  in  the  Apfes  difieff 
very  much  from  an  inverfe  Duplicate  Ratio  of 
the  Didances.    Suppofe  the  ficuation  of  theOr- 
hie*  of  a  Satellite  in  refpcA  to  the  Sun,  to  be 
rucli|  that  its  Aplcs  may  be  in  the  Syzygies  with 
the  Sun:  Therefore  the? extrinfecal  Force  Jiiify 
which  urges  the  Satellite  when  it  is  the  Syzyg^eSj 
being  taken  away  from  the  Force  by  which  Ai 
Primary  dtaws  the  Satellite,  leaves  a  Force  in  the 
S;itclHte  at  R,  whofe  Ratio  to  the  Force  like- 
wife  left  in  the  Satellite  at  G,  differs  more  firoa 
a  Du(^licatc  Ratio  of  the  diftances    invoflyi 
than  if  the  Apfes  were  not  in  the  S>'zygies;  U-! 
caulc  the  Ratio  between  the  diftances  TB^  TG^' 
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is  more  unequal,  or  differs  more  from  the  Ratio 
of  Equality,  than  the  Ratio  between  any  other 
Two  in  this  Orbit :  Therefore  the  Progrefs  of 
the  Apfes  in  this  cafe  is  the  greateft.  But  when 
a  Satellite  is  come  to  C,  the  extrinfecal  Force 
AM  being  added  to  the  Force  by  which  7'draws 
the  Satellite,  does  not  fo  much  make  it  recede 
from  a  Duplicate  inverfe  Ratio  of  the  diftances 
in  the  paflage  from  C  to  D ;  becaufe  the  diftan- 
ces TC,  TD  become  equal :  Therefore  the  Ef- 
feAof  this  added  Force  is  lefs:  that  is,  the  Ap- 
fes of  the  Orb  go  back  lefs  in  this  cafe.  There- 
fore, becaufe  when  the  Apfes  are  in  the  Syzy- 
ties,  they  go  forward  very  fwiftly  when  the 
atellite  goes  thro'  the  Syzygies,  and  go  back 
very  flowly  when  the  Satellite  is  in  the  Qua- 
dratures with  the  Sun  j  it  is  plain,  that  in  one 
whole  Revolucion  of  the  Satellite  about  the  Pri- 
mary Planet,  the  Apfes  in  this  cafe  will  be  car- 
ried, in  cottfe/juentin,  very  fwiftly. 

Now  let  the  Apfes  of  the  Satellite's  Orb  be  in 
the  Quadratures :  in  which  cafe  the  forefaid 
extrinfecal  Force  j4  M,  which  a6ts  upon  the  Sa- 
tellite in  the  Quadrature  C,  being  added  to  the 
Primary  Force  by  which  7'draws  the  Satellite, 
makes  up  a  Force  compounded  of  both,  by 
■which  the  Satellite,  when  at  C,  tends  towards  T; 
i  (fig.  12.)  whofe  Ratio  co  a  Force  compounded 
pfter  the  fame  manner,  by  which  a  Satellite, 
Vh&a  at  Dy  is  urg'd  c(^vards  the  iaid  T,  recedes 
more  from  a  Duplicate  reciprocal  Ratio  of  the 
biftances,  than  if  the  Apfes  were  not  in  the 
Quadratures;  becaufe  the  Ratio  between  TC 
ad  TD  is  more  unequal  than  the'RHtio  between 
.ay  other  Two  of  this  Orbi: ;  therefore  the 
Regrefs  of  the  Apfes  is  the  gi-eateft  in  this  cafe, 
l^uc  when  the  Satellice  is  come  to  G  or  Sj  the 
Ccc  3  ex- 
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ef(Crinfecal  Forc^  MN  now  urging  the  Satellite,, 
being  taken  firom  the  Force  by  which  T  draws, 
the  Satellite^  does  not  fo  much  make  it  recede 
from  a  Duplicate  inverfe  Ratio  of  the  Diitances,. 
whilft  the  Planet  goes  from  G  to  B,  and  fo> 
Icmtra.  Becaufe  the  Diftances  TG,  TB^  be- 
come equal ;  whence  the  EfFed  of  this  Force 
taken  off  is  lefs  in  making  the  Apfes  go  forward; 
that  is,  the  Apfes  of  the  Orb  go  forward  flower^ 
Therefore,  from  thefe  two  Caufes,  when  the- 
Orb  is  fituated  as  here,  in  refpe(5t  to  the  Sun^ 
the  Apfes  of  the  Orb  of  a  Satellite  fwhilfl  jr 
makes  one  entire  Revolution  about  its  Primary): 
pre  carried  backward. 

Befides,  if  the  Morion  of  the  Apfes  of  the 
Satellite  about  T,  and  the  Morion  of  the  Pri- 
mary 7*  about  the  Sun  5  be  fuch,  that  the  Apfes 
of  the  Satellite's  Orbit  are  nearly  in  the  fame 
Afpecft  with  the  Sun  for  a  confiderable  Time, 
or  whilft  the  Satellite  it  felf  changes  all  its  A- 
fpefts  will  the  Sun  often ;  by  reafon  of  the  length 
of  Time  in  which  the  Velocity  of  the  Progrefi 
and  the  flownefs  of  the  Regrefs  of  the  Apfes 
are  continu'd,  namely,  when  the  Apfes  ftick 
^bout  the  Sun's  Syzygies,  they  will  go  forwar-d 
remarkably  enough :  and  likewife,  by^  reafon  of^ 
the  length  of  time  that  the  Apfes  of  the  Satellite 
ftick  near  the  Sun's  Quadratures,  and  confe^ 
quently  by  which  the  Velocity  of  the  Regrefi 
and  the  flownefs  of  the  Qiogrefs  are  contina*d, 
phey  will  recede  fenfibly  enough.  '      i 

But  becaufe  the  extrinfecal  Force  MN  (whidl 
we  take  off)  that  caufes  the  Progrefs  of  the 
Apfes,  has  in  Prep.  9.  been  fliewn  almoft  twice^ 
greater  than  the  Force  A  A/,  which  makes  theiii 
go  back  i  and  befidesr,  the  Apfes  ftick  longer  ii^ 
ihe  Sy?;ygies  fjian  in  the  Quadratures,  becaufe 
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there  being  carried  »»  confitfumtia,  they  go  for* 
'  ward  with  the  Sun,  but  here  being  carried  in 
I  antecedenm,  they  quickly  pafs  thro'  the  Sun's 
Quadrature,  which  is  carried  in  anteced^ntia  j  ic 
is  plain  that  the  Apfes  go  forward  fafter,  and 
for  a  longer  time  in  their  Syzygies,  and  go  back 
flower  and  not  fo  long  in  their  Quadratures ; 
and  by  the  excefs  of  the  Progrefs  above  the.Re- 
grefs,  in  one  whole  Revolution  of  the  Apfes  to- 
the  Sun  (that  is,  whilft  the  Apfes  feen  from  T 
go  thro'  the  Afpe<£ts  with  the  Sun)  they  are  car- 
ried in  conftwentia. 

All  that  has  been  faid  will  almoft  happen  the 
fame  way,  tho'  the  Species  of  the  Secondary 
Orbit  don't  precifely  continue  the  fame,  if  fo 
be  that  the  change  of  the  Excentricity  is  not 
too  great, 
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IF  a  Sateiiite  move  about  its  Vrimary  J; 
trie  Orbir^  the  Excentrklry  of  i. 


I  an  excm- 

__  .  ,     ^  '•''^^  ^f  twice 

ehavg'd  in  cvtry  Revolution:  And  in  one  Re-voluiioa 
of  the  SateHite  it  will- be  the  greatefif  ■wbm  the  Sa~ 
lellite  (J  in  the  Syz,ygiex  with  the  Sun ;  but  the  leafi, 
wbm  in  the  ^adramres:  And  in  the  Pajfage  of  the 
Satellite  from  the  ^ndratiiru  to  the  Syz^ygfei,  it  ii 
ferpetu/iliy  tncreai'J,  and  on  the  other  hand,  in  its 
FaJl'tge  fmm  the  Sy'z.ygiss  to  the  ^adniturts,  it  is 
perpetuiilly  dtminijli'il. 

For  if  the  Body  which  did  defcribe  a  given 
Elliplis,  (namely,  by    being  aded  upon  by  a 
„  Centripetal  Force,  which,    tending  to  one  of 
/  ;  Foci  or  to  the  Center,  is  reciprocally  pro- 
portional CO  the  Square  of  theDiftance  from  it) 
its  defcent  from  the  upper  to  the  lower  Apfis, 
.  urg'd  by  a  Centripetal  Force,  which  ii  en- 
was'd  more  than  in  a  Duplicate  Ratio  of  the 


J 
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diminift'd  Altitude  orDiftance  from  the  Center  j 
it  is  Hianifeft<»  that  a  Body  thus  urg'd  towards 
the  Center,  wou'd  be  more  ftrongly  pufh'd  to- 
wards it,  than  if  (  as  before  )  »it  was  urg'd  by  a 
Force  encreafing  only  in  a  Duplicate  Ratio  of 
the  ditninilh'd  Diftance ;  therefore  it  wou'd  de- 
fcribe  an  Orb  interior  to  the  Elliptic  Orbit  be- 
fore defcrib'd  (except  the  upper  Apfis)  and  in 
<he  lower  Apfis  it  wou'd  come  nearer  to  the 
Center  than  before ;    that  is,  it  wou'd  defcribe 
an  Orb  more  excentric  than  the  forementioned 
Orb,  or  fuch  an  one  in  which  the  diftance  of  a 
Body  in  the  upper  Apfis  has  a  greater  Ratio  to 
its  diftance  in  the  lower  Apfis,  than  in  the  for- 
mer Orb:  Now  if  the  Force,    in  the  Afcent  of 
the  Body  from  the  lower  Apfis  fhou'd  decreafe 
in  the  fame  Degrees  by  which  it  increas'd  in  the 
Pefcentj  the  Body  wou'd  return  rothe  former  Di- 
ftance.   But  if  the  Centripetal  Force  (hou'd  de- 
creafe  more  than  in  the  fame  Ratio,  the  Body  then 
being  lefs  artracied,  will  afcend  to  a  greater  Di- 
ftance,  and  defcribe  an  Orb^  whofe  Excentri- 
city  is  yet  greater.     Likewife,  if  a  Body  in  irj 
delcent  from  the  upper  to  the  lower  Apfis  be 
iirg'd  by  a  Force,  which  is  increas'd  lefs  than  in 
.a  Duplicate  Ratio  of  the  diminifli'd  Diftance; 
it  is  plain  that  that  Body  will  defcribe  an  Orb 
exterior  to  the  Elliptic  Orb  before  defcrib*d, 
(when  the  Force  was  reciprocally  as  the  Square 
of  the  Diftance)  except  in  the  upper  Apfis, 
whence  it  did  fet  out  ,•    that  is  lefs  Excentric  j 
and  that  that  Excentricity  will  yet  be  diminifli'd, 
if  in  the  Afcent  of  the  Body  the  Centripetal 
Force  decreafes  lefs,  or  flower  than  before. 

Let  the  Satfellit^  L  in  the  former  figures  and 
in  jl^.  14.  be  fupp6s'd  near  the  Quadrature  in  C, 
in  v^ich  cafe  the  Force  M  N  vaniflies,  and  be- 
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fides  'the  Force  by  which  the  Primary  T  draws 
the  Satellire  L,  which  is  reciprocally  as  the 
Square  of  the  DiftancCj  the  Satellite  will  be 
iirg'd  by  a  Force  as  A  M,  which  is  as  the  Di- 
ftance  L  7'direAly.  And  the  Force  made  up  of 
them  rby  Cnr.  Prop.  7.)  as  you  recede  from  the 
Center^  decreafes  lefs  than  in  a  Duplicate  Ra- 
tio of  the  encreas'd  Diftance,  and  as  you  go  to 
the  Center,  encreafes  lefs  than  in  a  JDupIicate 
Ratio  of  the  diminifh'd  Diftunce:  Therefore 
if  the  Body,  during  one  whole  Revolution,  is 
impell'd  by  this  Force  towards  the  Center,  it 
Wdu'd  di^fcribe  an  Orb  leis  ^xcentric  than  if 
that  cKtrinfecal  Force  AM  was  taken  away,  and 
it  was  urg'd  only  by  tiie  Force  with  which  T 
draws  -t,  which  is  inveilly  as  the  Square  of  the 
Diftance;  and  therefore,  in  that  part  of  the 
Revolution  where  it  is  impell'd  by  that  Force, 
it  defcribcs  a  par:  of  an  Orbit  lefs  excentricj 
than  if  the  (aid  Force  AM  was  away. 

If  the  Satellite  be  in  the  Syzygies  as  in  B  or 
(?,  when  the  Force  AM  vanifhes,  the  Force 
M  N  \$  taken  away  from  the  Force  by  which  T 
draws  L-.  that  U,  a  Force  which  i^  ai  the  Di- 
ftance is  taken  away  from  a  Force  reciprocally 
proportioml  to  the  Square  of  the  Diftance; 
therefore  the  remaining  Force  by  which  the 
Satellite  T'ii  now  urg'd  (by  Cor.  Prop.j.)  as  you 
approach  to  the  Center,  encreafes  more  than 
in  a  Ratio  of  th.  diminilh'd  Diftance,  and  de- 
creafe  in  the  fame  m'^nner  as  you  recede  from 
the  Center  ,■  and  befides,  by  what  has  been 
^ewn,  if  the  Satellite,  during  one  whole  Re- 
■volucion,  was  impell'd  towards  the  Center  by 
that  remaining  Force,  it  woii'd  defcribe  an  Orb 
more  excentric  than  that  which  it  wou'd  de- 
fcribCj  if  it  was  urg'd  only  by  the  attratting 
Forge 
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Force  of  T;  and  therefore  much  more  exccni 
than  itwou'd  defer!  be  if  it  was  urg'd  by  th| 
Centripetal  Force  which  atfted  upon  it  when 
was  in  the  Quadrature  at  C  ;  Whence  in  th  _ 
part  of  its  Revolution  when  the  extrinfecai 
Force  MNU  the  greateft  (that  is,  in  the  Syzy- 
giesJ  the  Satellite  defcribes  a  part  of  an  Orbit 
more  excencric  than  when  it  is  in  the  Quadra- 
tures; or,  in  other  words,  the  Excencricity  of 
an  Orb  defcrib'd  by  a  Satellite,  is  greater  when 
the  Satellite  is  in  the  Syzygies,  and  lefs  when 
it  is  in  the  Quadratures. 

Befides,  becauje  the  extrinfecai  additional 
Force  A  Mis  greateft  of  all,  and  the  Force  MN 
is  leaft  or  none  at  all,  when  the  Satellite  is  in 
the  Quadratures,  the  Force  made  up  of  chat  and 
of  the  Force  by  which  T  draws  L,  is  (cetera  fe~ 
ribm)  greateft,  and  very  much  differs  from  a  Du- 
plicate reciprocal  Ratio  of  the  Diftances;  there- 
fore in  that  cafe,  the  part  of  the  Orb  which  is 
defcrib'd,  will  belong  to  an  Orb  very  lircle  ex- 
centric.  When  the  Satellite  is  gone  from  c 
towards  S,  the  extrinfecai  Force  MN,  which  is 
to  be  taken  away,  encreafes  alfo,  and  therefore 
exerts  ic;  cStSci  more  and  more  ;  that  is,  makes 
.  the  Satellite  defcribe  pare  of  an  Orbit  belonging 
to  a  more  excentric  one:  wherefore  as  a  Satef- 
lite  goes  from  the  Quadratures  to  the  Syzygies, 
its  Orbit  becomes  more  and  more  excentric,  till 
the  Satellite  being  come  to  the  Oppofition  or 
Conjundion  with  the  Sun,  the  Orb  becomo 
moft  excentric  of  all,  the  Force  M  N  (which  at 
other  rimes  is  taken  off)  then  exifting  alone, 
and  being  greateft  and  moft  direct.  But  after- 
ward as  the  Satellite  goes  towards  the  Quadra- 
ture, the  Excentricity  begins  again  to  diminifh, 
l^ecaafe  the  Force -JjW,  which  diminiflies  it  is 
.'*.'"''  en- 
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.  encreas'd.  Therefore  the  Excentricity  of  die- 
Orb,  as  the  Satellite  goes  from  the  Quadratures 
to  the  Syzygiesj  is  continually  encreas'd  ;  and 
as  it  goes  from  iheSyzygies  to  the  Quadratures, 
is  continually  dirainifh'd;  Atid  therefore  is  the 
greateft  (cjeterh  pirlbus)  in  the  Syzygies,  and  the 
Icaft  in  the  Quadrarures. 

pROPosiTros  Xllf;        ^    thi'-s 

THE  fame  things  bdKg  laid  itrum  at  SFi^ 
fortgoing  Prop.  /  f:y,  that  if  fevera!  Rcve- 
lutions  of  the  Satellite  be  terupurd  icgtthtr,  tbe.eXr 
etntricity  of  the  Orbit  of  the  Satellite  is  greatt^^^ 
when  its  -^ffrs  are  in  the  Syz.y'iu  :  nad  then  that  It. 
it  cofitiniinUy  JiminiPi'd  whtn  tit  Affct  pafs  from  the  - 
Syzygies  to  the  ^adrarures  with  the  Stm,  wbere  if 
btcomes  the  leaf  ;  hut  u-bcn  the  Jiffes  go  from  the 
^adratures  to  the  Syzygies  the  Excentricity  it  cimti~ 
nually  eticreas'd, 

Thisisprov'dthe  p! me  way  as  the  laftPropo- 
(ition  but  one.  For  (by  Cor.  Prep.  ■;.)  the  Forces 
pr  the  Satellite  in  the  Quadrature;,  encreafe  or 
decreafe  lefs  than  in  a  duplicate  Ratio  of  the 
djmintfh'd  or  encreas'd  DiRance :  Wherefore  if 
the  Apfes  of  an  Orb  are  in  the  Quadratures,  rfie 
faid  Ratio  of  the  whole  encreafe  or  decreafe  is 
the  lead  in  the  paifage  between  the  Apfe?.* 
Likewife,  ihe  Forces  of  a  Satellite  in  the  Syzy- 
gies encreafe  or  decreafe  more  than  in  a  Dupli- 
cate Ratio  of  the  diminifh'd  or  encreas'd  Di- 
ftance  ;  and  therefore  if  the  Apfes  of  the  Orbit 
happen  to  be  in  the  Syzygies^  the  faid  Ratio  of 
;he  whole  encreafe  or  decreafe  of  the  Forces  is 
greateft  of  all  between  the  Apfes;  that  is,  the 
Ratio  of  the  whole  encreale  or  decreafe  of 
Forces  is  leaft  when  the  Apfes  are  in  the  Qua- 
diaturesj  and  p;rea:cft  when  they  are  in  the  Sy- 
zygies; 
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zygies ;  and  therefore  it  is  continually  encreai 
in  every  Revolution  of  the  Satellite  about  c' 
Primary,  whilft  the  Apfes  go  from  the  Qi 
dratures  to  the  Syzygies,  and  continually  ' 
minifti'd  whilft  they  go  from  the  Syzyg^^ 
to  the  Quadratures.  But  it  has  been  (hewn 
by  the  foregoing  Prop,  that  if  in  each  Revo- 
lution of  a  Satellite  the  Racio^  of  the  en- 
creafe  or  decreafe  of  the  Centripetal  Force  be 
ajigmented,  the  Excentricity  of  the  Orb  will 
likewife  be  augmented  ;  and  on  the  contrary, 
the  Excentricity  will  be  dirainifii'd,  if  that  Ra- 
tio decreafes:  And  therefore  whilft  the  Aples 
pafs  from  the  Quadratures  to  the  Syzygies,  the 
Excentricity  of  the  Orb  is  continually  encreas'd, 
and  in  their  paflage  from  the  Syzygies  to  the 
Quadratures,  perpetually  diminifh'd  ;  therefore 
the  greatcft  Excentricity  of  the  Orb  is  when 
the  Apfes  are  in  the  Syzygies,  and  the  leaft 
when  they  are  in  the  Quadratures.  And  by  rea- 
son of  the  length  of  the  time  that  the  Apfes 
flick  near  the  Quadratures  or  the  Syzygies,  the 
encrefe  or  decreafe  of  the  Excentricity  becomes 
very  fenllble,  and  the  inequality  between  the 
Excentricity  in  one  cafe,  and  the  Excentricity 
in  the  other  is  the  greateft  of  all.    ^  E.  D. 
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Section    III. 

■Of  the  Errors  which  the  Sun  produces  in 
the  Motion  of  a  Satellite^  when  the  Plane 
of  the  Orbit  defcrib'd  by  it  is  inclind  to  the 
Plane  of  the  Orbs  defcrib'd  about  the  Sun 
By  the  Primary. 

WJE  have  in  die  firft  Book,  treated  of  the 
Errors  of  a  Satellice  in  Latitude  in  ge- 
neral in  the  6ift  Trof,  and  more  particularly  af- 
terwards in  the  64th  Trof.  when  we  fliew'd  the 
reafon  of  the  Preceflion  of  the  Equinoairial 
Points  arifmg  from  the  fame  Caufe,  Yet  we'll 
take  the  liberty  to  transfer  fome  of  thofe  things 
hither,  as  to  their  proper  place,  and  explain 
other  things  more  particular  concerning  thefe 
Errors. 

Proposition  XIV. 

IF  ■>  SattUile  rffvolvis  about  a  Primary  VUnet,  i» 
an  Ort  whofe  Flanr  h  inclind  to  the  Plane  of  the 
Tri>nary  about  the  Ecliptic,  the  Line  of  the  NoJes  iviB, 
by  an  angular  Motion  be  movi  in  antecedentia, 
with  an  Hfieijual  Velocity ;  with  the  greatefi  when 
the  Nedet  are  in  the  ^adratures  with  the  Suv,  af- 
terwardijlower,  when  the  Nodes  being  in  the  Syz,y- 
giei  it  M  altogeiher  at  refi.  In  the  places  that  fre 
befwttn  the  ^adraturei  and  the  Syzygies,  the  Nodes 
particifating  of  each  condition  recede  jlower  ^  therefore 
being  always  either  Retrograde  or  Stationary  in  each 
Revolution  of  a  Satellite  tibgut  the  Primary^  they  are 
carried  in  antecedentia:  and  in  the  fame  Revolution 
of  a  Satellite  they  go  back  fajler,  cxteris  paribU5j 
*a»i«»  t&e  Satellite  is  in  the  Sjzygiei. 

"''■  Let 
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Let  S  (as  often  before)  denote  the  Sun| 
{fig.  14.)  £  TE  the  Orbit  of  a  Primary  Planet  T^ 
CBDG  the  Orbit  of  a  Secondary  L  about  thd 
Primary  :    Let  the  Right^lines  S  L,    ST,    be 
drawn^  and  if  there  be  occaflon,   let  'em  be 
produced,   and  in  them  be  taken  the  Points 
K,  A,  M,  Ny  and  let  AM  be  drawn.    It  is  plainf 
from  prop.  60.  Book  i.  thaft  iill  the  Errors  of  the 
^Satellite  L  arife  from  the  Forces  of  ic  that  are 
as  AM,  MN,  and  with  the  diredion  of  thofe 
Right  lines.    Now  the  Force  aiding  on  £,    ac- 
cording to  the  Diredion  of  the  Right  line  A  M, 
(that  is,  according  to  the  Right  Hne  L  T)  doe» 
not  difturb  the  Morion  of  L  in  latitude,  when 
Z,r  is  in  the  Plane  of  the  Orb  CBDG.    Bc- 
fides,  if  the  diJection  of  another  force  as  MN, 
lye  aUb  in  the  Plane  of  the  Orb  CBDG  (that  is^ 
it  a  Right  line  drawn  thro'  L  and  parallel  to 
ikf  N  lies  in  a  Plane  parallel  to  CBDG,)  neither 
will  it  then  difturb  the  Motion  of  the  Satellite 
in  Laritude,    But  MN  or  57*,  when  it  is  in  the 
Plane  of  the  Orb  SET,  will  alfo  be  in  the  Plane 
CBDG,   if  it  be  the  common  interfedion  of 
thofe  two  Planes,  namely^  of  the  Primary  and 
^condary  Orb ;  that  is^  if  the  Nodes  be  in  the 
Syzygies.    Therefore  the  Nodes  being  in  tha 
Syzygies,  there  will  arife  no  Error  of  the  Men- 
tion in  Latitude,  neither  from  the  Force  A  M, 
nor  from  the  Force  MN,  which  are  the  only 
Forces  that  difturb  the  Motion  of  a  Satellite  j 
therefore  there  will  be  no  Error  in  Latitude. 
Whence  the  Line  of  Nodes  and  the  Nodes  alfb 
in  that  cafe  are  at  reft,  when  their  Motion  is  an 
Error  arifmg  from  fome  difturbing  Force. 

But  when  the  Nodes  of  the  Orbit  CBDG 
[-%•  ^  j]  ^^^  ^^  ^he  Quadratures  C  and  D,  the 
Force  M  N  very  much  diftm  bs  the  Satellite's 

Motion 
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f-Motion  in  Latitude  ;  becaufe  in  that  cafe  the 
jCine  MN  (and  L  F  drawn  thro'  L  parallel  to  it, 
along  which  the  Force  MN  of  the  Satellite  L 
exerts  it  felf )  is  moft  of  all  inclin'd  to  the  Plane 
of  the  Orbit  CiJDG,  fiK,.  as  much  as  the  Planes 
of  the  Orbs  S  TE  and  C  B  Z>  G  are  inclin'd  to  one 
another.  In  that  cafe  letus  fuppofe  one  part  of 
the  Plane  CiJDG,  ijlz..  CGD,  to  be  rais'd  a- 
bove  the  Plane  of  this  Scheme  (which  agrees 
with  the  Plane  of  the  Primary  Orbit  STE)  and 
the  other  CBD  to  be  deprefs'd  below  ic:  And 
let  the  Orbit  ChDg  be  fuppos'd  equal,  fimilar, 
and  alike  pofited,  in  refpeift  of  the  Center  7' 
with  the  Orb  GBDG:  Therefore  in  this  cafe,  as 
foon  as  the  Satellite  L  pafles  the  Node  C,  that 
it  may  come  to  the  Conjunftion  with  the  Sun 
in  G,  the  Force  M  N  with  the  diredion  of  the 
Right-line  AlNor  its  parallel  LF,  that  is  afting 
from  L  towards  F,  draws  it  from  the  Orbit 
CGD,  which  otherwife  it  wou'd  defcribe,  and 
receding  continually  towards  S  from  the  Plane 
CGD  until  the  next  Node,  it  does  not  now  go 
thro*  the  Plane  S  TE  or  C  g  D  in  the  Point  D, 
(thro'  which  it  wou'd  pafs,  if  that  Force  was  a- 
way,)  but  a  little  on  this  fide  of  it  in  refpeft  to 
*  the  Sun  5;  that  is,  the  Node  of  an  Orbit  de- 
fcrib'd  by  a  Satellite  (  when  urg'd  by  the  Force 
M  N)  is  nearer  to  the  Sun  than  the  Point  D,  in 
which  it  was  found  in  the  foregoing  Revolution 
of  the  Satellite. 

Likewife,  whilft  the  Satellite  goes  from  the 
Node  D,  to  its  oppofition  with  the  Sun  in  B, 
'  the  Force  M  N  aifting  in  the  Diredion  M  N 
from  M  towards  N,  or  from  i  towards  F  makes 
the  Satellite  L  continually  recede  from  the  Orbit 
D  BC,  and  defcribe  an  Orbit  lefs  inclin'd  to  the 
Plane  S£T,  or  O  t  C.  And  fines  this  Force  on 
the 
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the  Satellite  L  exerts  it  felf  till  it  vaniflies,  nail 
ly,  when  the  Sacellite  is  come  to  theQuadratl 
in  C,  it  alio  makes  the  Orbic  truly  defcrib'd 
the  Satellice  fooner  to  inrerfect  the  Plane  b 
than  the  Orbit  DBCG,  or  a  Hctle  nearer  c51( 
than  the  Point  C,  and  there  makes  the  Node  of 
the  Orbic  of  a  Satellite  with  that  of  its  Primary. 
And  the  fame  will  again  happen  when  the  Sace^• 
lite  goes  the  fecond  time  thro'  the  fame  Circle 
CGD;  namely,  the  Jsode  or  Point  in  which  the 
Satellite  goes  thro'  bC^D,  k  in  atitecedeutia  in 
■  refpeiS  of  the  Point  in  which  it  had  gone  thro* 
it  the  time  before,  and  fo  onj  that  is,  this  Force 
MN  forces  the  Satellite  to  defcribe  an  Orbit, 
whofe  Nodes  go  in  unteo dentin  at  every  Revolu-- 
tion  of  L  about  T;  but  the  Nodes  go  backward 
the  fafteft  of  all  when  they  are  in  the  Quadra- 
tures C  and  D,  becaufe  (as  it  has  beeii_  befofe 
ihewn)  the  Right  line  MN  ov  L  F according  eo 
which  the  Torce  M  N  adls,  which  caufes  ' 
Regrels  of  ihe  Nodes,  is  moft  of  all  Right  < 
Perpendicular  in  that  cafe  to  the  Orbit  CGDJ! 
Befides,  what  is  aflerted  of  the  Situation  i 
the  Nodes  between  the  Quadratures  and  SyzJ 
[  ■■  gles,  is  felf -evident,  becaufe  the  Right  line  M  i 
is  in  that  cale  more  oblique  to  the  Plane  G  B  OB 
and  therefore  has  not  fo  much  Power  to  diftn 
,the  Satellite  from  it.  And  fmce  the  Regrefs  t 
;the  Nodes  depends  upon  t!ie  Force  M  N, 
Regrefs  is  (ceteris  faribus)  greateft,  when  th 
porce  is  greateft,  that  is,  when  the  Satellite  \ 
in  the  Syzygies.  ^  E.  D. 
.  If  the  Inclination  of  the  Orb  of  a  Satelli^ 
'  to  the  Plane  of  the  Orb  of  the  Primary  abo! 
the  Sun  be  chang'd,  the  Motion  of  the  Nodes  j 
not  lenllbly  chang'd,  unlefs  the  change  of  the  In 
filiiiation  be  too  great ;  for  the  Force  that  givi 
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Motion  to  theNodes  is  not  much  chang'd  in  thac 
cafe. 

Proposition  XV. 

THE  fame  things  behg  laid  down,  I  fay  t&at 
the  hcUnaUon  of  iht  Plane  of  the  Orb  of  a  Sa- 
tellite to  the  Time  of  the  Orh  in  which  the  Primarj  re~ 
Helves  about  the  Sun,  is  continunSy  ch.nig'4,  and  U 
the  greatcf  when  the  Nodes  are  in  the  Syzygies  with 
the  tail  and  the  leafi  (cKteris  paribus)  ivben  they 
tore  in  the  ^adratUres :  And  htfides,  that  in  this  cafe 
the  faid  Inclination  is  diminijird  wbilfi  the  Satellite 
'fitjfttfrom  the  ^idratitrts  to  the  Sy^cygia,  and  that 
it  is  again  augmmted  Tfhitjf  tire  Satellite  pjjfes  from 
the  Syzygies  to  the  ^adratures.  IVhence  is  hjppens^ 
that  ■when  the  Satellite  is  in  the  Syzygies,  the  Inclina- 
tion of  thePLmes  is  the  leaf^  and  returns  nearly  to  the 
Jiirmer  ^antity  whtn  the  Satellite  is  came  to  the  next 
J^ode.  I  fay  lejides,  that  when  the  Nodes  pafs  from 
tie  Syzygies  to  the  ^adratufes^  that  Inclination  of 
the  PLives  diminifies,  and  becorHes  letfi  of  all  (cete- 
ris paribus)  when  the  Nodes  are  in  the  ^adratures  ; 
and  then  that  it  encntafes  by  the  fame  degrees  that  it 
decreasd  before,  and  the  Nodes  being  again  return  d 
to  the  Syzygies,  it  returns  to  the  firjt  M-Jgnitade. 

Tho'  all  the  Parts  of  this  Propofition  follow 
eafily  enough  from  the  61ft  Prop.B.  i.  yet  we 
fliall  in  this  place  explain  them  more  fully, 
and  demonftrate  each  of  them  by  a  particular 
Scheme. 

firft,  let  the  Nodes  of  the  Satellite  L  [j%.  i6.] 
be  in  the  Syzygies  with  the  Sun  S;  that  is,  let 
the  Line  of  the  Nodes  produc'd  pafs  thio'  the 
Sun  i  in  which  cafe  the  Right  line  A/ N  (which 
has  been  denionftrated  in  Prop.  6i.  B.  i.  to  (hew 
7by  its  Pofition  the  Direftion,  and  by  its  Mag- 
nitude the  Qiiantity  of  that  Force,  which  only 
D  d  d  af- 
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affeds  the  Motion  of  a  Satellite  in  latit 
is  in  the  Plane  of  the  OrHit  of  the  Saielli 
And  therefore  bowfocvcr  ir  difturbs  the  Ml 
of  the  SaidHie  in  the  faid  Plane,  it  does 
iropet  it  to  any  Motion  ont  of  the  laid  ~ 
BCGDi  that  is,  it  does  not  at  all  affe 
MotioD  of  the  Satellite  in  Latitude,  but  li 
the  Satellite  undifturb'd  as  to  its  Motion  in 
ritnde,  to  defcribc  his  Orbit  aboot  its  proptr 
Primary-  And  as  that  diihirbing  Force  AfN 
^  its  natuie  always  d:mimJIie&  the  TncHnatioa 
of  the  Ort  of  the  Satellite  to  the  Orb  of  the 
Primary,  and  never  cncreafes  h  bnt  by  acd- 
dem,  upon  account  of  its  making  the  Nodes  to 
go  in  anttcedrtna-y  it  is  plain  that  the  Inclination 
cf  the  laid  Oit»  is  greatefl  of  all,  when  the 
Nodes  are  in  the  Syzygies. 

Now  fuppofing  the  Nodes  to  be  in  Quadra- 
ture with  the  Sun,  as  foon  as  the  Satellite  hu 
pafs'd  the  Node  C  or  D,  being  impell'd  by  the 
Force  M'N^  and  according  to  thedire«ftion  Lf^ 
from  L  to  f,  it  is  continually  drawn  from  the 
Plane  of  the  Orbit  CGDB  (which,  without  th», 
itwoa'd  defcribe)  and  defcribes  an  Orbit,  whofe 
Plane  is  lefs  inclin'd  to  the  Plane  of  the  Orbit 
of  the  Primary  Cg  D  b.  That  this  may  appear 
the  plainer,  let  5  T  reprefent  (in  fig.  1 7.  the  Ey? 
being  fuppos'd  in  the  Line  of  the  Nodes)  the 
Plane  of  the  Primary's  Orbit  about  the  Son, 
TL  the  Plane  of  the  Secondary  inclin'd  to  the 
Plane  5  T  by  the  Angle  L  TS,  or  the  Comple- 
ment of  it  to  two  Right.  The  Satellite  atL 
drawn  by  the  Force  MN  from  L  towards  F, 
that  is,  from  the  place  L  to  the  place  /,  defcribes 
an  Orbit,  whofe  Plane  Tl  is  inclin'd  by  a  lefi 
Angle  /  TS  to  ST  the  Plane  of  the  Orbit  of  the 
-  Primary  about  the  Sun.    And  this  change  of 

the 
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^e  Inclination  of  the  Orb  of  a  Satellite  to  the 
Orb  of  the  Primary  is  (cruris  faribui )  by  fo 
much  greater  as  the  Force  MN  which  produces 
Ic  is  greater;  But  the  Force  MNis  greater  chc 
nearer  the  Sacellice  is  to  the  SyzygiesG  and  B, 
Therefore  the  Nodes  flicking  at  the  Sun's  Qua- 
dratures, the  Inclination  of  the  Orb  of  the  Sa- 
tellite is  the  leaft,  when  the  Satellite  is  in  the 
Syzygies.  Again,  becaufe  the  Right  line  M IJ 
tnd  its  parallel  LF  (ijfi.  the  Direftion  of  tha 
Force  which  difturbs  and  diminifhes  the  Inclina* 
tion)  is  nearer  to  a  Perpendicular  to  the  Plane 
of  the  Orbit  of  the  Satellite  tvhen  the  Nodes 
arc  in  the  Quadratures,  than  in  any  other  Situ- 
ation of  the  Nodes;  in  that  cafe,  the  change 
of  the  Inclination  will  be  the  greateft,  there- 
fore the  Inclination  of  the  Planes  will  be  the 
ieaft  -■  For  the  nearer  the  Angle  F LT comes  to 
a  Right,  the  greater  Angle  does  the  little  Right 
fine  L  I  ('of  a  given  Length  )  fubtend.  There- 
fore the  Inclination  of  the  Orbit  of  a  Satellite 
to  the  Orbit  of  its  Primary  Planet  will  be  Ieaft 
■of  all,  when  the  Nodes  are  in  the  Quadratures 
and  the  Satellite  at  the  fame  time  in  the  Sy- 
lygies. 

Moreover,  let  STb  (fig.i^.  the  Eye  being 
fuppos'd  in  the  Line  of  the  Nodes  produc'd,  as 
before;  reprefent  the  Plane  of  the  Orbit  of  the 
Primary  T*  revolving  about  the  Sun  ;  G  TB  the 
Plane  of  the  Orbit  of  a  Satellite,  whilft  it  is  in- 
clin'd  to  the  former  Orb  by  this  fmall  Angle, 
(viz.  G  Tg  or  BTb)  which  happens  (as  has  been 
fhewn)  when  the  Satellite  in  the  Syzygies  with 
'the  Sun,  is  feen  from  7'.  And  fince  ic  has  been 
^^ewn,  in  the  foregoing  Prop,  that  the  Nodes  of 
^  :he  Orbit  of  a  Satellite  go  in  antecedtntia,  the 
"tblt  which  the  Satellite,  going  from  G,  (when 
D  d  d  2  &««. 
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fcen  from  T,  it  was  in  Conjunftion  with  tho 
Sun)  defcribes,  will  meet  with  5  TB  on  this 
fide  T  in  refpeifi:  of  the  Sun,  and  will  be  the 
I-ine  G  J;  and  the  Orbit  which  it  defcribes  go- 
ing from  B,  where  it  was  in  Oppofition  with 
the  Sun,  viz..  the  Line  ii  ji,  will  meet  with  the 
Plane  STb  at  <fl,  'viz,,  beyond  7",  in  refpeft  of 
the  Sun.  Now  it  is  plain  that  the  Line  Gdoi 
B^  contains  a  greater  Angle  with  STb  tod 
2nd  J",  than  that  which  GT'orBTcontains  with 
(he  feme  Plane  STI>i  viz,,  about  equal  to  that 
which  the  Orbit  of  the  Satellite  contain'd  with 
the  Plane  STb,  when  the  Satellite  was  near  a 
Node.  Therefore  when  the  Nodes  are  in  the 
Quadratures,  the  Inclination  of  the  Plane  of 
the  Orbit  of  the  Satellite  diminiflies,  as  the  Sa- 
tellite paffes  from  the  Quadratures  to  the  Syzy- 
gies ;  and  on  the  other  hand,  encreafes  as  the 
Satellite  pafles  from  the  Syzygies  to  the  Qua- 
dratures; and  returns  to  the  firft  Quantity  when 
the  Satellite  comes  to  the  next  Node. 

NoWj  (ince  it  has  been  fhewn  that  the  Force 
iW  N' ['difturbing  the  Satellite's  Motion  in  Lati- 
tude^ and  efpecially  diminiihing  the  InclinatioB 

,  of  the  Plane  of  the  Orbit  of  the  Satellite  to  the 
Plane  of  the  Orbit  of  the  Primary)  is  the  great- 
eft  when  the  Satellite  is  in  the  Syzygies,  aod 

■    laaft  (becaufe  none  at  all)  when  it  is  in  the  Qui- 
dratures,  and  that  it  does  moft  powerfully  pro- 
duce this  EfFetft,  (cattris  paribus)  when  the  Satel- 
iice  is  in  the  Umit ;  it  is  plain  that  by  how  much 
the  Limirj  are  neareft  to  the  Quadratures  when 
the  Satellite  is  in  the  Syzygies,  by  fo  much  lefi 
does  this  Force  MNdim'w'iRi  the  Inclination  of  I 
the  faid  Planes,  becaufe  its  Quantity  is  none! 
when  the  Satellite  is  in  a  lltuacion  which  is  tbc  ^ 
moft  convenieiK  for  the  producing  of  this  ESsA,  > 
trtK  and 
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and  its  Quantity  is  greateft  when  by  reafon  of 
the  Satellite's  fituation,  this  Effed  ceafes.  And 
on  the  other  hand,  fince  it  has  been  lately  fliewn 
that  the  Force  MN,  by  bringing  round  the 
Nodes  in  avtectdiniia  does  again  increale  the  faid 
Inclination,  and  very  powerfully  encreafe  \t 
when  the  Satellite  is  near  either  of  the  Nodes, 
and  that  in  the  mean  time  the  Force  it  feif  is 
greateft  when  the  Satellite  is  in  the  Syzygies ; 
it  is  plain  that  by  how  much  they  are  nearer  to 
the  Syzygies  wijh  the  Sun,  by  fo  much  more 
does  the  Force  M  N  encrea je  the  Inclination  of 
the  Planes,  And  therefore  fince  the  Limits  arp 
equally  near  to  or  remov'dfrom  the  Quadrature?, 
as  the  Nodes  are  to  or  from  the  Syzygies,  it  is  plain 
that  by  how  much  the  Nodes  are  nearer  to  the 
'  Syzygies,  by  fo  much  is  the  Inclination  of  the 
Plane  of  the  Orbit  of  the  Satellite,  to  the  Plane 
pf  the  Orbit  of  the  Primary  greater,  and  fo 
much  left  as  the  Nodes  are  nearer  to  the  Qua- 
dratures. And  becaufe  (by  the  foregoing  Prep.) 
the  Nodes  are  carried  in  anteceJmria,  this  inclina- 
tion of  the  Planes  is  diminifli'd,  whilft  the  Nodes 
t.  pafs  from  the  Syzygies  to  the  Quadratures,  and 
becomes  leaft  of  all  (ceteris  farihus)  when  the 
'  Nodes  are  in  the  Quadratures;  then  it  encreafes 
,  by  the  fame  Degrees  by  which  it  had  before  de- 
ppreas'd,  and  the  Nodes  being  again  got  to  the 
'Syzygies,  it  returns  to  its  firft  Quantity,   ^E.P. 
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Proposition  XVI. 

ALL  the  Inttjualitia  htfore  dtfcrib'd,  whieb  iaf- 
pm  in  tht  Motion  of  a  Satellite,  as  ivtS  theft 
thgt  afftS  it!  Motion  in  Itngtb,  as  thoft  that  affeQ  h 
in  Breadth  er  Latitude^  at  v/eU  thefe  which  bappa 
to  0  CenctHlricy  as  tbofe  that  bapptn  to  an  Exctntrk 
Orhit,  are  fomething  greater  in  the  ConjuntHon  tf  s 
Satellite  with  the  5«»,  than  in  the  Omfitton. 

Becaufe  (by  Prof.  2^.  El.  j)  the  Sum  of  the 
greateft  and  leaft  of  Four  Quantities  Geometri- 
cally Proportional,  always  exceeds  the  Sum  of 
the  Two  others ;  by  taking  away  pn  either  fide 
the  Sum  of  the  Two  leaft,  the  Interval  of  th? 
greateft  afid  next  leaft  wilt  exceed  the  Interval 
of  the  next  greateft  and  the  leaft.    And  becat^Q 
(by  rtie  Conftru<5Hon  of  Prop.  14)  the  SatcIEu 
{_Fi£.  19-]  being  inConjundion  with  the  Sun  at 
G,  SMhto  SN,  (by  reafon  of  the  fmalhefs 
of  N  7'  in  refpeift  of  5  N)  that  is  to  ,S  7"  in  a 
Duplicate  Ratio  of  S  7"  to  5  G  }    the  Right  line 
MT  exceeds  the    Double  of  TG :    For  that 
which  is  next  to  the  greateft  exceeds  S  B.      A- 
gain,  fince  when  the  Satellite  is  in  OppofitioB, 
as  at  5,  Sm  is  to  ST",  in  a  Duplicate  Ratio  61 
ST" to  SB;   the  Right  line  Tm  (forchefam(| 
reafon)  wants  of  being  equal  to 'twice  T.fi) 
therefore  TM  much  more  will  want  of  4ieiiK 
equal  toTm,  that  is,  NM  exceeds  Nm.      Bot 
NMf  Nm  reprefent  the  Forces  refpe^ively  dU 
fturbing  the  Satellite  in  the  Conjumaion  an4 
Oppofitioni    and  therefore  the  EfFeifts  of  th? 
former  are  greater  than  the  EiFedls  of  the  latter; 
And  fince  belides  the  Forces  reprefented  by 
■  KjW,  Nw  (which  are  the  only  Forces  that  di-* 
fturb  the  Motion  of  the  Satellite  when  iris  in 
(he  Tsry  Conjundlion  and  Oppofition)  and  diat 
I  apqther 
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another  Force,  z%  A  M  ('which  difturbs  the  Sa- 
tellite near  the  Syzygies)  is  greater  in  the  Con- 
jun^ion  than  in  tlie  Oppofition,  -viz..  in  that 
greater  than  the  Radius  L  T,  and  in  this  lefi  j 
it  is  evident  that  all  the  Inequalities  explain'd  in 
the  foregoing  Vrof.  are  (catertfparibti)  /omething 
greater  near  the  Conjundion  of  a  Satellite  with 
the  Sun,    than  near  the  Oppofition  with  it. 

SCHOLIUM. 
The    foregoing  Propofition    wou'd  always 

Itold  true,  if  the  Orbit  of  the  Satellite  was  con- 
centric with  the  Primary  ;  otherwife  it  wou'd 
■only  hold  in  an  entire  Revolution  of  the  Apfes 
_^about  the  Sun.  But  the  Motions  of  the  Satel- 
"  lites  when  nicely  obferv'd,  feem  to  fliew  that 
the  Center  of  the  Circular  Orbit  of  a  Satellite  is 
fomething  farther  from  the  Sun  than  the  Center 
of  the  Primary  Planet ;  to  the  intent,  that  the 
Satellite  may  all  along  accompany  the  Primary 

f  Planet.  For  if  the  Center  of  the  Satellite's  Or- 
bit was  the  fame  as  the  Center  of  the  Primary 
Planet,  the  Satellite  leaving  the  Primary  Planet 
wou'd  fall  into  the  Sun.  For  the  Satellite  de- 
fcribing  its  Orbit,  makes  that  Orbit  to  be  look'd 
upon  as  an  heavy  Ring,  and  the  gravity  of  each 
part  of  that  Ring  is  to  be  look'd  upon  as  the 
I  fame  with  the  gravity  of  the  Satellite  in  it,  and 
rrthac  place  to  be  reckon'd  heavy  which  is  the 
Center  of  Gravity  of  it.  And  (ince  by  Prop.  16, 
the  accelerating  gravity  of  a  Satellite  towards 
the  Sun,  over  and  above  the  accelerating  Gra- 
vity of  the  Primary  towards  it,  is  more  encreas'd 
in  the  inferior  part  of  its  Orbit  near  the  Con- 
junction, than  it  is  diminiOi'd  in  the  fuperior 
part  of  it  near  the  Oppofition,  and  the  Satellite 
i'0>vells  as  long  ;n  the  one  as  in  che  other ;  the 
D  d  d  4  Center 


■j^jt: 
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Center  of  Gravity  of  the  laid  lieavv  Ring  or 
Orbifj  and  therefore  the  Orbit  itfeff"  {s  ur|fd 
hy  a  greater  apcelerating  gravity  tp  the 
than  die  Primary ;  therefore  leaving  ^ 
mary  it  will  come  nearer  tp  the  Son : 
alio  w31  much  more  be  trae,  if  ^  Cttter'S 
die  Circular  Orbit  be  nearer  to  die  Sun  tbui  d^ 
Center  of  the  Primary.  Bat  the  Center  <tf  tl^ 
Orbit  is  fo  plac'd  by  the  AUrwife  CREATOR 
according  to  the  Piftance  of  each  Primary 
from  the  San^  that  the  Center  of  Giavity  of  the 

tiid  Ring  ( look'd  upon  as  |ieavy)  be  as  fiu:  m- 
ant  from  the  Snn  as  the  Center  of  die  FriauV 


inated  by  the  time  that  the  Satellite  fta^s  m  fjL 
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Section  IV. 

Of  the  Errors  which  the  Sun  produces  in 
the  Motion  of  a  Satellite,  when  the 
Primary  Planet  is  piov'd  in  an  Excentric 
Orbit  about  the  Sup. 

PROPOSITIOB    XVII. 

IF  bj  reafm  of  the  Dlfianct  being  tncreasd  and  di- 
minijh'J  by  turns  between  the  Sun  S  and  a  Pri~ 
ptary  Planet  T,  the  action  of  S  be  emreat'd  and  di- 

''mlni^id  by  turnip  L  T  the  Radius  of  the  Orbit  of 
the  Si'tetlite  ivilt  at  the  fame  time  be  ertcreasd  and 
fiiminijh'd,  and  the  Periodical  Time  of  the  Satellite 

■'ebout  the  Primary  will  be  encreasd  and  diminijh'J 
in  a  Ratio  cemponndtd  ef  a  Sef^uiflicate  Ratio  of  the 
Radius,  and  the  SuhdufUcate  Ratio  by  which  tie  at- 
irailinz  Force  T  of  the  Primary  Planet  is  diminijh'd 
or  augmented  by  the  enp-eafe  or  decreafe  of  the  Sun's 
aBicn.   TFig.  20.] 

The  Force  with  which  the  Primary  7' draws 
the  Satellite  L  (namely  that  by  which  L  is  kept 
in  its  Orb  BCG  D)ii  encreas'd  (as  it  has  been 
often  ftiewn  above)  when  L  is  in  the  Quadra- 
tures C  or  i)  by  the  addition  of  an  extrinfecal 
Force  arifing  from  the  Sun  S,  which  is  as  A  M; 
and  whilft  L  is  In  the  Syzygies,  that  attracting 
Force  of  the  Body  Tis  diminifli'd,  by  taking  a- 
way  a  Force  which  is  as  J(^N.  Andbecaufe 
M  N  perpendicular  in  the  Syzygies  (by  Prop.  9.) 
Jias  been  fliewn  as  it  were  twice  greater  than 
AM  in  the  Quadratures,  by  reafon  of  ihefc  Ex- 
triofecal  Forces  arifmg  from  the  Sun,  the  at- 
trailing 
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tracing  Force  of  the  Primai^  is  lefs  diminid, 
than  it  is  encreas'd ;  and  thereforelTmuft  fim|j 
be  look'd  upon  as  diminifh'd.  And  becaufe  fi 
attrading  Force  of  the  Body  T  is  that  by  whi 
L  is  kept  in  its  Orbir;  if  it  ffiou'd  decreafe  by  i 
grees,  the  Satellite  L  wou'd  (being  lefs  and  I 
attraded)  continually  recede  from  T ;  and  ( 
the  contrary,  if  that  Force  was  encreas'd  in  ti 

/  Primary,  then  it  wou'd  approach  nearer  to  T. 
Therefore  the  Adion  of  5,  the  Sun's  Body,  be- 
ing encreas'd  as  T  comes  nearer  to  it,  the  Abla- 
firioNj  Force  (or  Force  which  is  to  be  taken  away) 
will  be  encreas'd,  and  confeguently  the  attra- 
Aing  Force  of  the  Primary  T  will  be  diminift'd 
by  degrees,  and  for  that  reafon  TL  the  diftance 
of  the  Satellite  will  be  encreas'd ;  and  on  the 
contrary,  the  AdKon  of  S  it  felf  being  diminifh'd 
by  the  Recefs  of  the  Primary  T  from  it,  M  N 
will  be  diminiJh'd  at  the  fame  rime  j  and  again. 
Tits  attrafting  Force  will  be  encreas'd,  and  the 
Satellite  will  again  approach  the  Primary.    And 

.  thefc  things  will  happen  by  turns:  namely  the 
Orbit  of  the  SatellVce  will  be  dilated  whilA  the 
Primary  is  in  the  Feriheliumy  and  will  be  con- 
trafted  again  when  it  returns  to  the  Jfhdmm. 
Befides,  the  Force  in  the  Primary  which  draws 
L  pofited  at  different  Diftances,  or  the  Centri- 
petal Force  of  the  Satellite  L  towards  T,  is  (by 
Trof.  26.  B.  I.)  in  a  Ratio  compounded  of  the 

.  fimple  Ratio  of  the  Radii  dlrediy,  and  the  Du- 
plicate Ratio  of  the  Periodica!  Time  of  L  about 
Tinverfly:  therefore  if  the  Radius  remains  the 

.   fame,  the  inverfe  Duplicate  Ratio  of  the  Peri- 

^  odical  Time  is  the  fame  with  the  Ratio  of  the 
Centripetal  Force  of  the  Satellite  £;  that  is, 
the  Square  of  the  Periodic  Time  is  encreas'd  in 
the  fame  Ratio  in  which  cliat  Centripetal  Force 
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is  diminifh'd,  or  the  Periodical  Time  it  felf  is 
cncreas'd  in  the  Subduplicare  Ratio  in  which  the 
'  (aid  Centripetal  Fprce  is  diminifli'd  J  and  on  the 
contrary,  the  Periodical  Time  is  dimtnifli'd  in 
the  Subduplicate  Ratio  in  which  the  Centripe- 
tal Force  is  encreas'd.    And  befides,  as  the  Law 
of  AttraAjon  in  the  Primary  T,  or  of  the  Cen- 
tripetal Force  in  the  Satellite  L,  is  fuch,  as  to 
be  reciprocally  as  the  Square  of  the  Radius  T'L, 
and  the  extrinfecal  Ahlatliioui  Force  be  in  refpec^ 
of  it  very  fraallj  the  remaining  Force  by  which 
■L  does  yet  tend  toward  T",  is  almoft  in  a  Dupli- 
cSte  Ratio  of  the  Radii  inverfly  ;  therefore  (by 
Fro/'.  28.  B,  \.)  the  fame  abfoluce  attratfltveForce 
remaining  in  T',    (tho"  the  Radius  be  any  way 
chang'd)  the  Squares  of  the  Periodical  Times 
are  as  the  Cubes  of  the  Radii,  and  therefore 
the  Periodical  Times  are  in  a  fefquipHcate  Ratio 
of  the  Radii.      Therefore  if  neither  the  attra- 
tive  Force  remains  the  fame  in  the  Primary  7", 
but  is  by  turns  encreas'd  and  diminifii'd  by  the 
A<ftion  of  the  Sun,  nor  the  Radius  TL  continues 
fhe  fame,  (which  we  have  before  (hewn  to  be 
liable  to  change)  the  Periodical  time  will  alfo 
be  encreas'd  and  diminifh'd  in  a  Ratio  com- 
pounded of  the  two  former  Ratio's:  that  is,  if 
the  A<ftion  of  the  Sun  5,  by  which  the  attraAing 
Force  of  the  Primary  T\%  diminifh'd,  be  dimi- 
pifli'd  and  encreas'd  by  turns ;  likewife  the  Pe- 
riodical Time  will  be  encreas'd  and  diminifii'd 
in  a  Ratio  compounded  of  the    Selquiplicate 
Ratio  of  the  Radii,  and  the  Siibduplicate  Ratio 
in  which  the  attra<fting  Force  of  the  Body  Tis 
dii^inifli'd  or  encreas'd.    ^  E.  D. ' 
SC  HO L TUH 
If  the  Force  attrafting  the  Satellite  7'be  aag- 
pcnted  any  other  way  than  by  an  eurinfeca^ 
t-  '       '-'■■■■  Force 
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Force  arifing  from  the  Sun,  as  for  Ex,  if  by  a 
new  acceffion  of  Matter  the  Primary  becotnes 
bigger,  and  for  that  Ciiufe  (by  Prop.  49.  B.i.)  i« 
Attraiftion  becomes  great  in  that  proportion  • 
the  Satellite  L  vVlll  both  revolve  in  a  lefs  Orbit 
with  the  diminiih'd  Radius  TL,  and  its  Periodi- 
cal Time  will  be  diminifh'd  in  a  Ratio  com- 
pounded of  the  SefquipHcate  Ratio  of  the  Radii 
direAly,  and  a  fubduplicaie  Ratio  of  the  attrra- 
^ng  Forces  of  the  Body  7'inverfly ;  as  before: 
likewife,  if  the  Primary  be  diminifli'd  by  the 
taking  away  fome  of  its  Matter,  the  periodical 
Time  of  the  Satellite  will  be  encreas'd.    ft>r 
[     the  compound  or  the  remaining  Force,    by 
I     which  the  Primary  being  encreas'd  or  djminilh'd 
f     draws  the  Satellite,  is  precifcly  in  a  Duplicate 
I     Ratio  of  the  Diftance  inverlly,  which  only  holds 
good  in  the  cafe  of  the  fpregoing  Prop.     The 
^    fame  will  happen    in  refped  of  a  Primary, 
■which  has  been  here  fiiewn  of  a  Secondary,  if 
the  Sun  fhou'd  in  any  wife  be  encreas'd  or 
'     puniih'd. 
^  Proposition  XVIII. 

TH  E  fame  things  being  laid  down,  iu  a  dilaud 
or  centr ailed  Sy(tem  of  a  Satellite,  'he  Periedi- 
}     sal  EffeBi  of  the  dijfttrhirtg  Foreei,  or  the  Linear  Er- 

-  .  rori  0/  a  Satellite  in  any  RevolHtioti,  are  as  the  Radii 
I      ef  the  Orbits  and  the  Squares  of  the  Periodical  Times 

'  joymly:  But  the  Angular  Errors  of  it  feen  fiom  tie 
t  Center  of  the  Primary^  are  as  the  faid  Squares  of  the 
[  periodical  Times,  [fig.  21. J 
>  ■  For  the  difturbing  Forces,  or  the  Forces 
L  which  caufe  Errors,  vix^  AM,  MN  f^other 
f  things  being  as  before)  are  as  the  Radius  TL  j 
I  and  therefore  the  Periodical  (  Errors  or)  Effefts 
I  -  of  'em,  are  (by  Cor.  Prof.  23.  B.  1.)  as  the  Forces 
R ;  and  the  Squares  of  the  Periodic  Times  jointly. 
fc— I    '    ■ ■  ?PI 


'^ 
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But  thefe  Errors  are  Linear  Errors,  namelyj  mea- 
fur'd  by  the.Diftances  of  Bodies  from  fimilar 
Figures  in  thofe  places,  to  which  the  Bodies  in 
the  fame  proportional  Times  wou'd  come  with- 
out thofe  Forces.  And  for  chat  reafon  the  angu- 
lar Errors  feen  from  the  Center  7'j  that  is,  the 
Angles  under  which  the  fa  id  Linear  Errors  ap- 
pear from  the  faid  Center,  are  in  every  Revolu- 
,tion  of  the  Satellite  L  as  the  Squares  of  the 
Times  of  the  Revolution  nearly  j  the  other  of 
the  compounding  Ratio's  (-viz..  the  Ratio  of  the 
Radii )  vaniQiing,  becaufe  the  Linear  Errors  are 
feen  at  the  diftance  of  the  Radii. 
SCHOLItTM. 
Tho'  all  the  angular  Errors  in  the  Motion  of 
a  Satellite,  feen  from  the  Center  of  the  Primary, 
are  chang'd  as  the  Satellite's  Period  is  chang'd  ; 
namely,    the  Motion  of  the  Apfes  or  Apfides, 
the  Regrefs  of  the  Nodes,  and  the  other  before- 
mention'd  Deviations,  as  well  in  Longitude  or 
Length,  as  in  Latitude,  arifmg  from  die  extrin- 
fecal  Forces  of  the  Sun  j   yet,  as  in  one  Period 
of  a  Satellite,  fome  of  thofe  Errors  are  fcarce 
fenfible,  and  not   remarkable  till  after  feveral 
Revolutions,  and  fome  Errors  compenface  for 
others,  therefore  they  have  been  the  lefs  known 
to  Aftronomers ;  at  leaft  one  Error  defcrib'd  in 
Prep.  I.  by  which  the  Motion  of  a  Satellite  in 
the  Quadrants  of  its  Orbit  before  the  Syzygies 
is  accelerated,  and  retarded  in  the  Quadrants 
after  them,  which  happens  every  Revolution, 
or  every  half  Revolution  :   for  in  the  Quadra- 
tures of  the  Sun  this  Error  ccafes,  the  Caule 
ceafing.    Therefore  this  Error,  as  it  is  deduc'd 
from  the  faid  Prop.,  i.  or  rather  as  it  is  corredted 
by  Cor.  Prop.  2.  by  this  i8ih  Prep,  fits  Periodical 
Time  boiig  encreas'd  or  diminifli'd  )  in  one  of 
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its  whole  Periods  is  encreas'd  or  diitiinifh'd 
Duplicate  Ratio  of  the  Time  bePWfcen  theQt 
draturei.    But  the  time  between  the  Quadi 
cures  does  not  depend  upon  the  Period  alonc7 
but  is  greater  or  lefs  according  as  the  Satellite's 
place  is  near  to  the  upper  orlower  Apfa  in  iu 
proper  Orbit.  m 

pROfOSlTtON    XIX.  fl 

IF  S  Trimarj  Platitt  ht  mov'd  about  tht  Sun  0I  « 
great  dijlattce  from  it  in  an  exettitric  Orbit,  tbe 
Tvrcts  of  the  Sim  AiJtMrbing  tbe  Motion  of  a  SiiteUitt 
und  tbtir  Eftits,  viz.  aB  tbt  above  difcnb'd  Errori 
in  Longitude,  Lalirmde,  snd  Akitttde,  an  reciprocally 
as  the  Cubei  of  tbe  Difi-ancei  of  the  Primer)  from  the 
Sun  ;  that  is^  diriBl/  at  tht  Cubes  of  the  sffa^ 
Diamettri    of   the    Suh    fern  from    the    Trim. 


1 


[Fig.  22] 

Becaufe  the  Sun  is  fuppos'd  at  a  great 
ftance,  the  diftance  between  the  Points  T  and 
JNin  comparifon  of  ST",  vaniflies,  or  SN,  ST 
are  equal.  And  fince  the  Escentricity  of  the 
Orbit  CBDG  (if  it  has  any)  being  compar'd 
with  TS  will  alio  vanifh,  SK  will  Ukewile  be- 
come equal  to  571  Befides,  TS  being  encreas'd 
or  diminifh'd,  the  Orbit  CBDG  together  with 
the  Lines  TL,  A'i M,  AM,  &c.  that  depend 
Upon  it,  are  encreas'd  and  diminifii'd  by  thefon 
going  Vro^.  And  indeed,  by  reafon  of  the  grf 
Pittance  of  the  Sun  5,  they  are  all  encreas'd 
diminifti'd  in  the  fame  proportion  ;  that  is,  ( 
■the  Right  line  A  iW  (which  in  its  middle  Quan- 
tity is  equal  to  T L,  becaufe  when  the  Satellite 
is  in  Conjunilion  with  the  Sun  it  becomes  great- 
er, and  about  the  Oppofition  lefs)  is  to  L  7"  as 
SK.  to  ST;  therefore  a  Force  as  ^M  istoaForce 
L'jas  SK  in  the  fame  Ratio  as  L  T\%  to 
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'Hffife,  a  Force  as  MN  is  to  a  Force  as  SK  a!- 
jnoftasLT'  to  57";  that  is,  the  Forces  as  ^W 
!4  M,  are  nearly  as  the  Force  S  K  and  the  Ratio 
of  LT  to  ST  jointly ;  that  is,  as  the  Force 
SK%  ^-  And  as  the  Force  conftantly  accele- 
rating towards  the  Sun's  Body  is  (  by  Prop.  42. 
B.I.)  inverfly,  as  the  Square  jof  the  diitance 
from  it  i  that  is,    in  the  Diftance  SK  as  YkI^ 

inftead  of  the  Force  SK  pmting  j^  the  For-* 
LT 


ces  AM,  MNf  will  be  as 


SK^      ST 


that  Isj  as 


-.    But  it  has  been  before  fliewn,  that 

SKiy.ST 

5  X  is  in  that  cafe  equal  to  5T:  Whence  the 

the  Forces  y4  ^,  A/ N"  are  as  j^^.    Now  if 

I.  r  be  alfo  look'd  upon  as  conftant  and  unmo- 
vable,  the  difturbing  Forces  will  be  as  AM,  MN, 
therefore  the  Effefts  of  thofe  Forces,  namely, 
all  the  Errors  (of  which  we  have  before  made 

mention)  will  be  as  — — -. ,  that  is,  reciprocally 

as  thb  Cube  of  the  Diftance  of  the  Primary 
from  the  Sun.  And  it  is  commonly  known  that 
the  apparent  Diameters  of  a  Sphere  of  a  given 
Magnitude  are  inverfly  as  the  Diftancesj  and 
therefore  the  faid  difturbing  Forces,  and  the  Er- 
rors of  a  Satellite  ariHng  from  it,  are  as  the 
Cubes  of  the  apparent  Diameters  of  the  Sun 
feen  from  the  Primary.    ^  E.  D. 
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TO  find   the  Ratio  between   the  Sun's  Forces^ 
which  the  Motion  of  a  SateSiU  u  difiurb'd, 
the  Forces  hj  which  a  Satellite  is  retain  d  in  its  Orbit 
about  the  Primary.     f^Fig.  i;.] 

It  has  been  (hewn  in  the  foregoing  Propofiti- 
gns,  what  Ratio  the  Forces  of  the  Son  difturWng 
the  Motion  of  a  Satellite  have  to  the  Force  by 
which  the  Sun  draws  the  Primary,  or  by  which 
the  I'rimary  is  retain'd  in  its  Orbit  about  the 
Sun  :  namely,  that  which  the  Right  lines  ^  M, 
MN,  tiave  refpedlvely  to  S  N,  or  AM,  MT 
(the  Points  N  and  T  coming  into  ons)  to  5  T. 
What  remains  is  to  determine  the  Ratio  between 
the  Taid  difturbing  Forces,  and  the  Force  by 
which  the  Satellite  L  is  retain'd  in  its  Orbit 
CB  DG  about  its  Primary  T.  The  Right  line 
AM  in  its  middle  Quantity  is  equal  to  T^Z.; 
wherefore  the  Mean  Force  as  A  M,  is  to  the 
Force  S  N  or  5  7",  by  which  T  is  retain'd  in  its 
Orb,  as  TL  to  TS  ■  And  {by  Vro^.  26.  B.  i.) 
the  Force  by  which  T  is  retain'd  m  its  OrHt 
ETE,  is  to  the  Force,  by  which  L  is  retain'd 
in  its  Orbit  C  B  DG,  in  a  Ratio  compounded  of 
the  Ratio  of  5  T  to  TL  and  a  DupHcute  Ratio 
of  the  Periodical  Time  of  the  Satellite  about  tho 
Primary  to  the  Periodical  Time  of  the  Primary 
about  the  Sun.  And  therefore,  tx  aqua,  the 
fprefaid  Mean.  Force  A  M  is  to  the  Force,  by 
which  L  is  detain'd  in  its  Orbit,  in  a  Ratio 
Compounded  of  the  Ratio  of  TL  to  TS,  ST  vi 
TL  and  a  Duplicate  Ratio  of  the  Periodical 
Time  of  the  Satellite  about  the  Primary  to  the 
Periodical  Time  of  the  Primary  about  the  Sun; 
that  is,  (the  two  foregoing  Ratios  taking  off 
each  other }  the  Mean  Force  A  M  i^  10  the 
Force, 


J 


Book  IV,     of  Astronomy,        fz^ 

Force,  by  which  L  is  retain'd  in  its  Orbit  abonC 
T,  is  in  the  forefaid  Duplicate  Ratio  of  the  Pe- 
riodical Times.  If  the  Ratio  between  MN 
and  ^  Af  be  found  out,  let  the  ratio  of  each 
Force  difturbing  A  At  and  M  N  to  the  Force 
by  which  L  is  retain'd  in  its  Orbit  will  be  alfo 
found.  Nay,  you  may  find  the  Force  A  M  noc 
only  in  its  Mean  Quantity,  but  very  exaiftly 
according  to  the  various  pofition  of  the  Satellite 
Z,  and  from  it  nicely  determine  the  ratio  be- 
tween the  difturbing  Forces  and  the  Force,  by 
which  L  is  return'd  in  its  Orbit. 

COROLLAKT. 
'  If  the  Sun  be  fuppos'd  at  a  great  Diftance^ 
as  it  happens  in  the  Circumfolar  I^Linets,  at  lead 
in  thofe  that  have  Satellites j  AM  will  always 
be  equal  to  T L,  the  Right  lines  MT,  ALj  be- 
ing parallel ;  and  MN  or  MT  equal  to  A  L. 
But  becaufe  S  A  is  to  SK  in  a  Duplicate  Ratio 
of  SKtoSL^  and  SL  infinite  in  refpedt  of  Jfi; 
^K(ihe  Difference  oi  A  S  and  SK)  will  be 
double  of  K  L  ( the  Difference  of  S  K  and  5  L) 
and  y^L the  triple  of  it:  But  KL  is  the  Right: 
Sine  of  the  Arc  C  L,  namely  of  the  Diftance 
of  the  Satellite  from  the  next  Quadrature  C, 
fuppofing  TL  the  Radius.  Therefore  in  that 
cafe  you  have  always  the  Ratio  of  the  Force 
AM  to  iWJV" given,  -uiz,.  that  of  the  Radips  to 
the  triple  of  the  Right  Sine  of  the  Satellite's 
Diftance  from  the  Quadrature, 

SCHOLIUM. 

Much  after  the  fame  manner  that  the  Sun,' 

plac'd  without  the  Orbit  of  a  Satellite,  difturbs 

its  Motion,  and  that  feveral  ways,  as  it  appears 

from  feveral  Propofitions  of  this  Book;  the  Su- 

E  c  e  perior 
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cerior  Planets  wilt  difturb  the  Motion  of 
loferior,  and  the  Comets  will  diCtuib  the  '. 
Hon  of  all  the  Planets.  For  the  nfore  defci 
Difturbance  of  the  Satellites  arillrg  from  _ 
iSun,  is  owing  to  the  Graviiaiion  of  each  Sa- 
tellite towards  the  Sun,  by  which  (amongft  o- 
ther  things)  U  happens  that  the  Gravitation  of  a 
Satellite  tuwitrds  its  Primary  is  no  longer  in  a 
Duplicate  reciprocal  Ra:io  of  the  Diftance  from 
it.  And  the  Anions  of  the  Planets  on  one  an- 
other, will  produce  the  like  tfFeiis,  tho'  farle6 
fenfible,  by  reafon  of  the  Jinallntfs  of  their  Bc^- 
dies  when  compar'd  with  the  Sun,  and  their 
immenfe  Diftances.  Yet  thefe  Effeds  (  how 
fmall  foever)  will  be  produc'd,  and  if  they  con- 
tinue, and  are  always  direfted  the  fame  way, 
they  will  at  length  become  fenfible :  for  Exam- 
ple, it  is  found  that  the  Apf-is  of  the  Earth's  Or- 
bit do  alter  feveral  years,  fenfibly  appear  to  ha« 
been  carried  i»  conje^ueniia,  tho'  this  Motion  be 
very  fmall,  if  it  be  compar'd  with  tlwt  of  the 
Apfes  of  the  Moon  i»  confe<^uentia  ;  becaufe  in 
twenty  years  they  don't  move  quite  four  minute 
and  a  half,  whilft  the  Apfes  of  the  Moon  in 
the  fame  time  have  made  more  than  two  whole 
Revolutions  and  a  quarter, 

Befides,  the  Dilturbance  of  the  Motion  of 
the  Planets,  arifing  from  other  Planets  and  Co- 
mets will  be  very  unequal,  becaufe  the  Diftan- 
ces  of  the  difturblng  Bodies  are  very  unequal. 
But  as  theEffeitsof  all  thisDifturbanceare  fmall, 
their  inequalities  will  be  almoft  infenfiblc  ;  and 
the  Mean  or  middle  Quantity  of  each  wilt  fof- 
^e  for  Aftrononiical  Calculations. 
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f  Section   V.  ^ 


Concerning    the  Motion  of  the  Moon,  feen 
from  the  Earth. 

IT  has  been  fliewn  ac  large,  in  the  foregoing 
Propofirions,  what  the  Errors  produc'd  by 
the  Sun  in  the  Motion  of  the  Secondary  Planets 
are;  of  all  which  Errors  we  will  give  an  Exam- 
ple in  the  Moon,  the  Earth's  Satellite,  and  fum- 
marily  (hew  ty  what  Inequalites  it  is  afFetftedj 
how  they  are  obferv'd  and  diftinguilh'd  from 
each  other,  and  alfo  how  they  may  by  Compu- 
tation be  trac'd  from  their  Springs ;  namely,  the 
Sun's  Forces  which  caufe  them  ;  and  laft  of  all 
we  fiiall  give  a  Method  for  the  calculating  and 
making  ufe  of  Tables  of  the  Moon's  Motions, 
where  it  will  appear,  by  the  by,  what  Errors 
the  Conftrmaors  of  Tables  have  hitherto  taken 
notice  ofj  and  what  Errors  they  have  pafs'd  by, 

POPOSITION   XXI. 

TO  defcriie  and  explain  the  Motion  of  the  Mom 
and  its  Incjwlittes  hitherto  obferv'd,  whether 
^fiin£ui(h'ii  or  mix'd  with  others^  from  what  has 
keen  jatd  and prov'd. 

That  the  Earth,  which  is  a  great  Body  and  a 
primary  Planet,  as  it  is  carried  about  the  Sun, 
can  (whilft  it  felf  is  carried  about  the  SunJ  carry  ■ 

the  leiTer  Body  of  the  Moon,  revolving  about  w 

it  under  the  form  of  a  Satellite,  in  an  Orb  any  I 

way  inclin'd  to  the  Plane  of  the  Ecliptic  in  ■ 

which  the  Earth  is  carried  about  the  Sun ;  and  ■ 

Hths  Moon  can  revolve  in  an  EUipfis  having  V 

m  Eee  2  a  , 
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9.  Focus  nearly  in  the  Earth's  Center  j^  is  plain 
from  the  C9th  Prop,  of  B.  i.  ^nd  its  Corollaries : 
And  thele  are'  Vhanomtna  which  every  Body 
plainly  fees  j  for  from  them  the  Phafes  of  the 
i^oon  and  the  Eclipfes  of  the  Luminaries  ar^ 
cxplain'd  in  the  i6th,  i8th,  and  i9thPr(?p.ofB.i, 
But  the  Motion  will  be  very  much  difturb'd  by 
the  Adion  of  the  Sun  and  the  Moon,  and  af- 
feded  with  thele  Inequalities  which  a  conftanc 
and  more  careful  Obfervation  has  difcovcr'd, 
whofe  EfFed  Will  neverthelefs  almoft  vanifli,  if 
they  be  compared  with  the  firft  Inequalities  j 
whence  it  happens  that  in  the  forementioned 
Propofitions  the  Motion  of  a  Satellite  about  its 
Primary,  is  fuppos'd  very  like  the  Motion  of  a 
Primary  about  the  Sun,  tho'  upon  a  nice  Obfer- 
vation it  differs  a  little  in  feme  things. 

For  firft  of  all,  if  it  was  not  for  the.  Sun's 
Aftion,  the  Moon  wou'd  be  fo  mov'd  about  the 
Earth,  as  to  defcribe  Areas  proportionable  to 
the  rimes,  .by  a  Radius  drawn  to  the  Earth :  Btat 
by  the  faid  atftion  it  happens  (by  ?rof.  i.)  thatk 
dcicribes  an  Area  greater  for  the  time  (thzt:v^ 
that  it  is  carried  IwifterJ  in  the  Syzygies  with 
the  Sun,  than  in  its  Quadratures.  And  therefcwe 
this  Errdr  is  alfo  changed,  and  in  every  Period 
of  it  in  a  Duplicate  Ratio  of  the  time  bctwefca 
the  Quadratures,  by  SchoL  of  ?rcf\  i8.'  -  v.  >  *  *    • 

Secondly,  if  the  Sun  s  Aiftion  did  not  diftiirb 
jkii  Moon's  Motion,  the  Moon  would  dt&flibe 
an  EUipfis  having  a  Focus  in  the  Earth's  Oeoccr: 
But  now  it  is  plain  by  Prof.x.  that  the  Orbit  of 
the  Moon  will  (cater h  parihs)  become  Icfi  dirve 
hi  the  Syzygies,,  and  more  in  the  Quadramns; 
and  therefore  that  it  is  nearer  the  Earths  in  the 
firft  than  in  laft.  *      . 

V .  Thirdly^ 
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Thirdly,  the  Moon  wou'd  conftantly  defcribe  j_ 

an  unmov'd  Ellipfis  abouc  the  Earth,  if  the  Suh  <^ 

did  not  difturb  kj  but  nowfibm  its  difturbancc  fl 

it  happens,  that  this  Orbit  is  very  far  from  be-  ■ 

ing  an  Ellipfis;  neither  can  it  be  reduc'd  to  one 
but  by  the  aiiful  Induflry  of  the  Aftronomers. 
For  its  Orb  is  a  Curve,  which  is  generated  of  an 
Ellipfis  ttioy'd  about  an  unmov'd  Focus  or  Cen- 
ter of  the  Earth,  its  greater  Axis  in  the  mean 
time  vibrating  with  anguhir  Motion  Ibnieiimes 
forvifard,  fometimes  backward ;  as  it  is  plain 
fromTrop.S.  Butthe  unmovable  Curve  y/EGH 
(infg.  ;.)is  truly  the  Moon's  Orbit,  which  is^ 
no  more  to  be  reckon'd  an  ElUpfis  thun  an  He- 
lix is  a  Right  line,  becauie  it  is  generated  of  a 
Point  moving  in  a  Right  line,  whilfl;  the  Right- 
line  is  carried  about  by  an  angular  Motion, 
But  if  out  of  refpefS;  to  the  old  Aftronomers 
I* who  are  to  be  valu'd)  we  call  the  Orbit  of  a. 
Planer  an  Ellipfis,  the  Line  of  its  Apfides  (by 
Frop.  8.)  does  in  each  Lunation  go  forward 
twice,  namely,  when  the  Moon  is  in  the  Syzy- 
gies,  and  goes  back  twice  when  the  Moon  is  in 
the  Quadratures ;  and  this  Progrefs  (by  Prop.ii.) 
is  greater  tlian  the  Regrefs,  when  the  Moon's 
y^pngaiim  and  Vei-igicum  IS  in  the  Syzygies,  and 
on  the  other  hand  the  Regrefs  does  exceed  the 
Progrels  when  it  is  in  the  Quadratures.  There- 
fore in  the  former  Cafe,  if  you  obferve  one 
whole  Revolution  of  the  Moon,  it  will  limply 
appear  that  the  Jfogaum  gnes  forward  ;  but  in 
the  latter  it  goes  back  :    buc  as  the  firft  Cafe  is 

^  fiioft:  lafting' in  one  whole  Revolution  of  the 
lApfes  about  the  Sun,  they  go  forward  fimply. 

J.    Fourthly,  If  the  Sun's  action  haJ  no  power 

to  difturb  rhe  Moon's  Motion,  the  Moon  wou'd 

t  ral^y*)f5 ,  defcribe  the    Time  Ellipfis  about   the 

Eee  :  Earthj 
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Earth;  whereas  now  it  continually  changes  ii 
ihape ;  for  the  Excentricity  of  the  Orbit  is  evcff 
Day  chang'd,  and  (by  Prop.  12.)  it  is  greatefta 
every  Revolution  when  the  Moon  is  in  the  Syi 
zygies,  and  leaft  when  the  Moon  is  in  the  Qua- 
dratures. But  if  the  Moon's  Apo?_auvt  and  Teri- 
gaum  be  in  the  Syzygies,  and  the  Moon  be  at 
the  &roe  time  in  the  Jpogaum,  that  is,  if  the 
Excentricicy  be  greateft  of  all ;  the  Moon  in 
the  Syzygies  will  be  both  raoft  remote  and  moft 
flow,  contrary  to  what  was  fiid  in  the  firft  and 
fecond  Paragr.  of  this  Prop.  But  as  there  we 
pbftrafted  from  that  Excentricity,  and  we  only 
fay  that,  cateris  paribus,  what  was  there  faid 
holds  good,  what  we  fay  now  does  not  contra- 
dift  it.  But  even  in  this  cafe  the  Moon  does_ 
not  move  fo  (lowly  neither  docs  the  Excent| 
city  of  the  Orbit  become  fo  great  as  it  wow 
be,  if  the  Errors  esplain'd  in  the  faid  Pa " 
graphs  were  away. 

Fifthly,  if  the  Sun  did  not  difturb  the  Moo 
Motion,  .the  Moon  wou'd  defcribe  an  Orl 
about  the  Earth  in  an  unmov'd  Plane,  as  a  1 
mary  Planet  does  about  the  San;  which  j 
pears  from  Prop.  11.  B.i.to  be  the  property  j 
the  Way  of  a  Projeaile;  But  the  Sun  caufK 
the  Poficion  of  this  Plane  to  vary  differently, 
either  by  the  change  of  its  common  Se£Hon 
or  Line  of  the  Nodes  with  the  Plane  of  ths 
^cliptic,  or  of  the  Inclination  it  felf  with  the 
fix'd  Plane  of  the  Eclipric.  And  by  Prop.  14, 
in  one  of  the  Moon's  Revolutions  about  the 
Earth,  the  Nodes  go  back  very  fad  when  the 
Moon  is  in  the  Syzygies,  and  very  flowly  when 
it  is  in  the  Quadratures  ;  and  if  feveral  Revo- 
lutions be  compar'd,  the  Regrefs  of  the  Node? 
js  fhe  fwifceit  when  they  are  in  Quadrature 


Book IV.  0/ Astro  N  oM  V.       y^j 

,   the  Sun,  and  floweft  (fcecaufe  none)  when  in 
Che  Syzygies. 

Sixthly,  the  Inclination  of  the  Moon's  Orbit 

to  the  Plane  of  the  Ecliptic  is  alfo  changed. 

I    For  (by  Prop,  i  f .  j  in  the  fame  Revolution  of  the 

I  ■  Moon  this  Inclination  is  i^e  lead   when  the 

'     Moon  is  in  the  Syzygies^  and  greateft  when  it 

is  in  the  Quadratures;    bur  if  feveral  Revolu-' 

tions  be  compared  together,  it  is  leaft  when  the 

Nodes  are  in  the  Quadratures,    and  greateft 

when  rhey  are  in  the  Syzygies. 

i  Seventhly,  ail  the  afore  dejcrib'd  Errors  arifing 
from  the  Sun's  Afftton  produced  in  any  fmall 
time;  that  Is,  the  Velocities  or  Horary  Motions 
of  the  Afogteumt  Nodes,  &c.  and  of  the  Moon  are 
chang'd  according  to  the  Earth's  Diftance  from 
the  Sun,  which  caufes  chofe  Errors,  and  that 
(by  Trcp.  19.)  in  a  Triplicare  Ratio  of  the  Di- 
ftance of  the  Earth  inverfly,  or  in  a  Triplicate 
Ratio  of"  the  apparent  Diameter  of  the  Sun  feen 
from  the  Earth. 

Eighthly,  the  Periodical  Time  of  the  Moon 
varies  alfo  according  ro  the  Earth's  different 
Diftance  from  the  Sun :  For  it  is  leaft  (  by 
Trof.  17.)  when  the  Earth  is  in  the  Aphellum;  and 
greateft  when  the  Earth  is  in  ii.s  Peribe/itiw.  And 
therefore,  befides  all  the  Inequalities  above  men- 
tion'd  in  the  Moon's  Motion,  which  happen  at 
thofe  times,  the  Moon's  Mean  Mocion  it  felf  is 
-fwifter  when  the  Earth  is  in  xhz  JpheHam,  than 
I  when  it  is  in  the  Paihc/ium,  and  proportionably 
Slower  or  fwifter  as  the  Earth  is  nearer  or  farther 
ifrom  it. 

'  Perhaps  there  are  fome  ocher  Intqualities  not 
-yet  obferv'd  (  or  at  leaft  not  yet  diftingoifh'd 
L  from  the  others^  in  the  Moon's  Motion  by  which 
-it  is  fo  difturb'd,  that  it  can  no  way  be  xeduc'd 
"  E  e  e  4  to 
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to  2  certain  Rule  ;  viz.  ^hofe  of  which  mentii 
is  made  in  the  Sch-:-!.  of  Prop.  1 8.  &c.  After  th 
Vhich  are  enough  knovitn,  the  reft  will  mt 
gafily  beobferv'd,  and  their  caufesdeduc'dfr* 
irfie  Principles  before  laid  down. 

"  PspPpSITlON    XXII. 

TO  find  the  Difi^ncf.of  the  Mean  from  the  Cen- 
ter of  the  Earthy  by  one.  Eclifje  of  the  Moon, 
3l/ithet4t  any  p-eiiigtis  Obftr/vjllon  of  the  Aloon. 

The  common  Invcftigatioa  of  the  Moon 
from  ihe  Earth  (  built  upon  the  Methods  laid 
down  in  the  2d  and  jd  BocksJ  prefuppofes  the 
Theory  of  the  Moon  to  be  in  fome  meafuie 
ieft.ib!ifli'd,  becaiifc  this  Theory  depends  upon 
(t,  and  cannot  be  obuin'd  without  it;  as  P/o/mj' 
pbferveSj  in  the  n  Chapter  of  the  yri  Bookof 
Mmagejf.  He,  by  an  obfervacion  of  the  Moon 
.  in  the  Zenirh,  when  at  the  fame  time  it  has  its 
greateft  Latitude,  performs  the  matter.  Few 
places  are  fie  for  fuch  an  Obfervation,  certainly 
not  our  Latitude.  Therefore  we  muft  have  re- 
courfe  to  Geometry,  and  fee  if  it  will  afford  us 
any  help,  and  find  the  Parallax  of  the  Moon 
without  any  previous  Theory  or  Obfervation  of 
f  he  Moon. 

At  the  Moment  that  the  Horns  of  the  Moon 
(in  its  Immerfion  into  the  Earths  J-badow,  or  its 
Emerfion  from  it^  are  parallel  to  the  /Equino- 
iftia!,  let  the  apparent  Altitude  of  the  Moon, 
and  (  by  help  of  the  neighbouring  Fix'd  Stars) 
its  apparent  Right  Afcenfion  and  Declenfion  be 
obferv'd.  Now  the  Phalls  of  the  Eclips'd  Moon 
is  very  well  dillinguifh'd,  if  the  Horns  appear  to 
be  jj^a  Right  line  perpendicular  to  the  Gnomon 
of  a  Sun- Dial,  which  is  parallel  to  the  Axe  of 
.  diurnal  Rotation,  which  Line  repiefents  the 
,/Eguatorj 
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Equator;  in  which  cafe  it  is  plain  that  the  Moon 
and  the  Shadow  of  the  Earth  have  the  fame 
■Right  Afcenfion.  In  fig.  24.  let  the  Circle 
Z  P  HO  reprtfent  the  Meridian,  in  which  the 
Pole  is  P,  Z  the  Zenith.  Let  £^  be  the  ^E- 
quator,  in  which  the  place  from  which  you  be-  ' 
gin  to  count  the  Right  Afcenfion-  is  K;  let  H  O 
he  the  Obferver's  Horizon,  and  A  the  Moon's 
apparent  Place,  and  K  the  time  of  the  Obfer- 
vaiion  ;  which  Places  will  be  in  the  fiwne  Ver- 
tical Circle,  becaufe  the  Parallax  doesfomeching 
deprefs  the  Phenomenon.  Let  the  Circles  of 
Declination  F^  B,  PVD  meeting  with  the  JE~ 
quator  in  B  and  D,  be  underftood  to  be  drawn 
thro'^^  and  f.  From  the  given  Place  of  the 
Sun  will  be  given  its  Right  Afcenfion,  and  con- 
fequently  the  Right  Afcenfion  of  the  Point  op- 
pofite  to  it,  'VIZ..  the  Center  of  the  Shadow; 
that  is,  VD:  therefore  BD  the  difference  of 
VD  the  true  and  VB  the  apparent  Right  Afcen- 
fion will  be  given,  or  the  Angle  BP D,  which 
is  meafur'd  by  this  Arc.  In  the  Spherical  Tri- 
angle ^^ipZ  three  fides  are  given  ;  namely,  PZ 
-the  Complement  of  the  Pole's  Height,  ZA  the 
Complement  of  the  obferv'd  apparent  Altitude 
of  the  Moonj  and  AP  the  Complement  of  the 
obferv'd  apparent  Declination  of  the  Moon  ; 
therefore  the  Angle  ZAP  will  be  given.  Again, 
in  the  Triangle  VAP  are  given  the  two  lately 
found  Angles,  VAP,  and  VPA^  with  the  inter- 
cepted fide  AP;  therefore  the  fide  AV,  the 
.Moon's  Parallax  will  be  found,  which  being 
given,  you  may,  by  Prop.  /^.6.  of  B.  2.  find  the 
requir'd  Diftance  of  the  Moon  from  the  Center 
ipf  the  Larch. 

Peo- 
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To  determine  the  Diftnnce  of  the  Mom  from 
Center  of  the  Earib,  at  a  given  TimCj  by 
fervatinn.     [FV^.  i^O 

Let  O  R  denote  che  Earth,  whofe  Center  is  T'; 
O  the  Place  of  the  Obferver;  and  let  L  be  the 
Moon  in  the  former  Obfervation,  when  you 
have  detcrmin'd  its  Diftance  as  well  from  the 
Earth's  Center  as  from  the  Obferver's  Eye, 
(namely,  the  Right  lines  rL,OL)  by  the  fore- 
going; and  immediately  before  the  Eclipfe  of 
the  Moon,  on  which  the  faid  Obfervation  has 
been  made,  let  the  Moon's  apparent  Diameter 
In  L  be  obfeiv'd.  Now  let  the  Moon  be  fup- 
pos'd  in  any  other  place  of  its  Orbit,  as  at/: 
its  Diftance  Tl  from  the  Earth's  Center  is  re- 
quir'd.  Let  the  Moon's  apparent  Diameter  in  / 
be  obferv'd  ;  now  (  as  it  is  commonly  known) 
O/istoOL  as  the  apparent  Diameter  of  the 
Moon  at  L  is  to  its  apparent  Diameter  at  /;  that 
is  in  a  given  ratio;  therefore  alfo  0/  is  given: 
But  by  the  apparent  Altitude  of  the  Moon  in  /, 
the  Angle  /  07"  is  given;  if  therefore  in  the  Tri- 
angle /orthe  fides  0/and  or,  as  well  as  the 
Angle  lOT  be  given,  you  will  find  Tt  the  Di- 
ftance of  the  Moon  from  the  ELirth's  Center. 
^  E.  F. 

There  is  no  need  of  exprelling  the  apparent 
Diameters  exadly  in  parts  of  a  Circle  ;  it  is 
fufficicnt  if  their  ratio  to  one  another  be  known : 
For  thefe  Arcs  or  Angles  aie  not  comp<)r'd  with 
other  Angles  or  Arcs  exprefs'd  by  parts  of  a  Cir- 
cle; but  only  one  with  another;  for  their  in- 
verfe  Ratio  is  the  Ratio  of  the  Diftances  of  the 
Moon  from  the  Eye  at  the  times  of  the  Obfer- 
vations.  Therefore  it  is  enough  if  they  be  ob- 
ferv'd 
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Iferv'd  with  a  Micrometer  fitted  to  a  Telefcope, 
and  the  Diftances  of  the  Threads  being  dividra 
into  equal  parts,  they  will  be  mark'd  by  thenunl* 
bsr  of  thofe  parts. 

Proposition  XXIV, 

TO  determine  the  Inequatstiet  and  Errors  of  thi 
Moon  by  Ohfervation  and  dijltn^ip  them  one 
from  another. 

The  Moon's  apparent  Places  are  determin'd 
by  help  of  the  neighbouring  Fix'd  Stars,  whole 
apparent  Places  are  before  exaftly  known,  by 
prop.  29.  B.  2.  and  true  places  from  the  apparent 
by  the  68th  Froji.  of  the  fame  Book :  But  the  Di- 
ftance  from  the  Earth's  Center  is  known  at  any 
time,  by  the  foregoing  Trap.  Therefore  all  that 
regards  the  Moon's  Morion  is  known. 

Since  the  Inequalities  in  the  Moon's  Motion, 
I  which  are  taken  notice  of  in  the  21ft  prtjp.  are 
I  known,  and  we  know  how  to  look  for  'em,  by 
comparing  feveral  of  thefe  kind  of  ObrervatioHs 
made  conftancly  and  for  feveral  Years,  their 
Quantities  will  be  determin'd:  asforExamp.w« 
may  this  way  determine  whether  (caceris  ^aribm) 
the  Moon  moves  fwifter  in  the  Syzygies  with 
the  Sun  than  in  the  Quadratures ;  whether  it  be 
farther  diftant  from  the  Earth  in  thefe  than  in 
thofe ;  whether  the  Moon's  mean  Motion  be 
fwifter  in  the  Earth's  Apbellam  than  in  its  Terlhe- 
lium,  &c.  fome  of  'em  being  determin'd  (viz. 
thofe  which  depend  upon  the  Syzygies  with  ihs 
Sun,  and  perhaps  thofe  which  end  and  begin 
again  twice  in  a  Synodical  Month)  the  reft  will 
more  eallly  be  diftinguifti'd  from  one  another, 
which  either  depend  upon  the  Earth's  Annual 
Motion,  or  upon  the  Revolution  of  the  Apfes 
or  Nodes  of  the  Moon  in  refpe^t  of  the  Sun. 
^  Thefc 
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Thefe  being  feparated  from  one  aaocher,  t;here 
islefc  that  Inequality  of  theMoot^  of  which 
we  have  fpoken  in  general  in  the  Scholium  of 
Trop.  1 6.  whofe  Quantity  being  known  by  its 
Period  will  be  gathered  from  Obfefvations.  And 
at  length  by  comparing  the  Period  of  the  Moon 
which  is  now  obferv'd^with  that  that  was  knowA 
feveral  Ages  ago  by,  their  Obfervations,  whether 
the  Globe  of  the  Earth  is  in  this  procefs  of 
Time  encreas'd  or  diminifh'd^  (as  I  (mptA}  and 

geometrically  determine,  by  SchokPr^p.ij.wh^t 
icirement  or  Decrement  has  happened  in  tht 
^hole  time.  But  if  other  Inequalities,  hitherto 
lipt  obferv*dy  afFed  thei  Moon-s  Motion,  taking 
away  the  foremention  d  ones,  they  will  appear, 
and  being  made  plain  will  cncreale  our  Afiro- 
iiomy,  by  making  up  the  Moon's  Theory. 


f  •/» 


Proposition  XXV. 

TO  find  the  Forces  of  the  Sun  which  difiurbtbe 
Moons  Motions^  or  determine  the  Ratio- it' 
tween  thofe  difiurbing  Forces^  and  the  Force  of  owt 
Qrayitj,      [fi^.  2 6. J 

r  The  fame  things  being  laid  down  as  before, 
the  Forces  which  difturb  the  Moon  s  Motion 
are  reprefented  by  the  Right  lines  AM^  MN, 
^nd  by  reafon  of  the  Sun's  Diftance,  the  Line 
Ad  N  dioes  not  differ  from  MT^  and  is  the  Tri- 
ple of  the  Right  Sine  of  the  Arc  CZ.  of  the 
Moon's  Diftance  from  the  Quadrature,  fuppo^ 
fmg  TL  the  Radius,-  and  A  M  is  equal  to  T£, 
as  it  has  been  (hewn  in  Cor.  ?rop.  20.  Alfo  fimi- 
lar,  but  lefs  Forces  difturb. the  Motion  of  the 
Earth,  becaufe  it  is  not  ihe  Center  of  the  Earth 
it  felf,  but  the  common  Center  of  Gravity  of 
jche  Earth  and  Moon,  that  defqribes  the  Magnm 
Pjkis  (or  great  Orbit) jibout  the  Sup,  as  it  ha? 
-  ,         *   ,'  ■'""  been 
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been  fiiewn  in  the  6^d'Prop.B.i.  fo  that  the 
Earth  and  Moon  are  as  it  were  Satellite's  revol- 
ving about  the  faid  Center  of  Gravity.     But 
we  refer  both  che  l-orces  to  the  Moon,  by  rea- 
fon  of  what  has  been  dcmonftrated  in  the  jotli" 
and  yift  Prff.  of  B.  i.     Moreover,  by  Prop,  aoi 
the  Force  or  the  Sun  which  difturbs  the  Moonj 
being  ssJM  is  to  the  Force,  by  which  the 
Mcori  is  retain'd  in  its  Orbit,  in  a  Duplicate 
ratio  of  the  Moon's  Periodical  Time  about  the 
Earth,  to  the  Earth's  Periodical  Time  about  the 
Sun:  And  the  Force  by  which  the  Moon  wou'd 
revolve   about  the  Earth,    if  it"  was  unmov'd, 
at  its  prefent  Dittance  from  it,    (which,    by 
Frop-  ji.  fl.  I.  is  equal  to  the  Force,  by  which  it 
is  now  retain'd  in  its  Orbit  about  the  forefnii 
Center  of  Gravity,'  is,  by  Cr.r.  i.  Frcp.zC.B.i. 
to  the  Force  by  which  it  might  in  the  fame  time 
revolve  about  the  Earth,  ac  its  Diftance  from 
the  faid  Center  cf  Gravity,  as  the  Diftance  of 
the  Moon  from  the  Earth,  to  the  Diftance  of 
the  Moon  from  chat  Center  of  Gravity ;  for 
the  Periodical  Times  of  the  Earth  and  ihe  Moon 
about  their  common  Center  of  Gravity  are  the 
Came :  And  the  foreliiid  Force  by  which  the 
Moon  wou'd  be  retain'd  in  its  Dibit  about  the 
unmov'd  Earth,  at  its  diftance  from  that  com- 
mon Center  of  Gravity,  h  to  the  Force  which 
we  call  Gravity  (which  is  indeed  the  fameForce, 
but  propagated  to  a  lefs  diftance  from  the  Cen- 
ter, namely,  to  the  Earth's  Surface  only)  in  a 
Duplicate  ratio  of  the  Semi-Diameter   of  the 
Earth  to  the  forefaid  Diftance  of  the  Moon 
from  the  common  Center  of  Gravity  of  th3 
Moon  and  Earth  :  And  therefore  the  Force  of 
the  Sun  as  AM  is  to  the  Force  of  Gravity  in 
the  Earth's  Surface  in  a  Ratio  compounded  of 
thefe 
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thefe  three  Ratio's ;  namely,  of  the  Duplicate 
Ratio  of  the  Moon's  Periodical  Time  atout  the 
Earth,  to  the  Periodical  Time  of  the  Earth  a- 
bout  the  Sun,  of  the  Ratio  of  the  Moon's  Di- 
llance  from  the  Earth,  to  the  Diftance  of  the 
Moon  from  the  common  Center  of  Gravity  of 
the  Moon  and  Earth,  and  of  the  Duplicate  ra- 
tio of  the  Semi-Diameter  of  the  Earth  to  the 
diftance  of  the  Moon  from  the  common  Center 
of  Gravity  of  the  Earth  and  Moon.  Now  the 
three  compounding  Ratio's  are  given;  therefore 
we  have  the  Ratio  compounded  of  them,  viz. 
the  Ratio  between  the  Sun's  Force  2,%  AM  and 
the  Force  of  Gravity.  But  the  Ratio  of  the 
other  difturbing  Force  as  MN  or  MT  to  A  M 
or  LT  is  known,  namely,  that  of  the  Triple 
of  the  Sine  of  the  Arc  CL  of  the  Moon's  Di- 
ftance from  the  Quadrarure  to  the  Radius; 
Therefore  the  Ratio  of  each  Force  of  the  Sun 
which  difturbs  the  Moon's  Motion  to  the  Force 
of  our  Gravity  here  is  found. 

The  Mean  compounding  Force  may  without 
any  fenlible  Error  be  negleSed,  as  coming  nei 
to  the  ratio  of  Equality  :  which  makes  the  S 
lution  fo  much  the  eafier. 
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Section   VI. 
Of  the  Moon's  Tables,  and  their  ufe. 


Proposition  XXVL 

TO  expLiin  the  Order  of  the  Lunar/  Tables,  ds- 
fign'd  for  the  readily  fjiding  if  the  Plane  of 
the  Moon  feen  from  the  Karth, 

Firft  of  all,  the  Efocha  or  Root  of  the  Moon's 
Motion  is  fettled :  that  is,  (as  has  been  above 
explain'd  in  B. ;.)  by  taking  a  remarkable  Point 
of  the  Mean  Time,  number'd  in  the  place  for 
which  the  Tables  are  defign'd  ;  on  the  fide  you 
muft  fet  down  the  Mean  Longitudes  of  the 
Moon,  and  its  Apog^eums,  and  a(cending  Nodes 
agreeing  with  the  faid  Time.  Likewife,  for 
readily  finding  the  Moon's  Afpefts  with  the 
Sun,  the  Root  of  the  Moon's  Mean  Motion 
from  the  Sun  is  fettled ;  that  is,  the  Mean 
Diftance  of  the  Moon  from  the  Sun  is  put 
down  agreeable  to  the  faid  Epocha. 

Secondly,  the  Mean  Motions  of  the  Moon 
it  felf,  and  its  Apog^umt  and  Nodes  are  to  be  fet 
down  in  the  Tables  for  Years,  Tens  of  Years, 
and  Hundreds  of  Years,  &c.  and  a!fo  foe 
Months,  Days,  Hours,  and  parts  of  Hours. 
Likewife  the  Mean  Motions  of  the  Moon  from 
the  Sun,  for  the  fame  numbers  of  Years, 
Months,  Days,  &<:.  muft  be  fet  down ;  which 
are  eafily  found,  by  taking  away  the  Sun's 
Mean  Motion  from  the  Moon's  Mean  Motion, 
agreeable  to  the  fame  Time. 

Thirdly,  you  muft  fet  down  the  Correiaion 

of  the  Moon's  Mean  Motion,  according  to  the 

Earth's 


4 

I 


544        T)&tf  Elements     Bookrvl 

Earth's  Diftaftce  from  the  Sun.  For  the  Moon's 
Mean  Motion  being  taken  from  the  foregoing 
Table,  is  the  Mean  Motion  in  a  larger  Sence  j 
that  is,  in  refped  of  a  Courfe  of  feveral  Years^ 
Now  (by  Prop.  17.)  the  Moon  s  Periodical  Tiqie 
is  (horter  when  the  Ear:h  is  in  its  Jphelinm;  but 
as  it  recedes  from  it,  the  Moon's  Periodical  Time 
is  encreas'd,  till  it  be  the  greateft  of  all,  wjien 
the  Earth  is  come  to  the  Ptrihelium.  Therefore 
its  Mean  Place  before  found  is  to  be  corrected 
by  the  addition  or  fubftradion  of  an  Arc  or 
Angle  depending  upon  the  Mean  Anomaly  of 
the  Earth  :  Yet  the  Place  of  the  Moon  Co  cor- 
reded  is  itill  the  Mean  Place.  This  Table  of 
the  Corredion  of  the  Moon's  Mean  Motion 
depending  upon  the  Earth's  Anomaly,  is  fettled 
by  means  of  the  17,  20^  and  25:  Prop. 

Fourthly,  the  Corredions  (  call'd  z^quaihmf 
in  the  Aftronomic  Phrafe)  of  the  Mean  Place 
of  the  Moon's  Aj>ogaum.  And  thefe  iEquatiom 
are  Three  j  the  Firft  depends  upon  the  Afpoft 
of  the  Afogaum  and  the  Sun  j  for  it  has  beca 
fliewn  in  Prop.  11.  that  the  Apogseum  goes  for- 
ward when  it  is  in  the  Syzygies,  and  goes  back- 
ward when  it  is  in  the  Quadratures  with  the 
Sun  ;  therefore  to  the  Mean  Apogxum  is  to  be 
added,  or  from  it  is  to  be  fubftraded  the  i£qtia- 
tioh  depending  upon  the  fituation  of  the  Apo- 
gseum  in  refped  of  the  Sun  :  The'quantity  xA 
this  iEquation  is  proportional  to  the  quantity 
of  the  Forces  that  produce  thofeEffeds,  which 
are  to  be  determin'd  by  the  11,  20,  and  2  c  Prt^ 
portions.  The  fecQnd  -Equation  of  the  Moon*s 
Apogaeum  is  Monthly,  and  depends  upon  the 
Sun  and  Moon's  Aiped.  For  tho'  near  the 
Cbnjundion  or  Opposition  of  the  Moon's  Apb- 
gaeum  with  the  Sun,  the  Apogseum  goes  forward 

in 
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in  one  whole  Lunation,  yet  that  Progrers  of  ths 
Apo^Kum  is  not  equable,  but  when  the  Moon 
is  in  the  Quadratures,  it  goes  forward  flower, 
or  by  chance  it  may  alfo  go  back  j  when  the 
Moon  is  in  the  Syzygies,  its  Apogsum  goes  for- 
ward much  fafter.  Likewife,  the'  near  the 
Quadrature  of  the  Apogxum  of  the  Moon 
with  the  Sun,  the  Apogarum  of  the  Moon  goes 
back  in  refpeit  of  one  whole  Lunation,  yet  is 
does  not  equably  go  back,  but  the  Moon  in  the 
Syzygies  either  ijiakes  it  go  forward,  or  at  leaft 
go  back  more  llowly.  Thefe  things  are  plain 
from  Prop.  xo.  whence  the  Place  of  the  Moon* 
Apogsum  being  firit  (by  the  foregoinj^  Corre- 
drionj  brought  to  an  Equality,  muft  alfo  be  cor- 
reifted  by  this  monthly  jEquation.  The  Quan- 
tity of  this  /Eq'uacion  is  to  be  gather'd  from  tha 
different  Afpect^  of  the  Moon  to  the  Sun  (  by 
Fmp.  8,  20,  and  2j.)  But  there  is  alfo  need  of 
a  third  Equation  fully  to  reftify  the  Place  of  the 
ApogKum  ;  For  the  Motion  of  the  Apoga:um, 
whether  progreflive  or  regreffive,  is  greater  of 
lefs  according  to  the  lefs  or  greater  Diftance  of 
the  Earth  from  the  Sun  i  and  its  Velocity  (  by 
Trap.  19O  is  in  a  Triplicate  Ratio  of  the  Sun's  ap- 
parent Diameter  :  Therefore  this  depends  upon 
the  mean  Anomaly  of  the  Earth,  as  alfo  the 
Correction  of  the  mean  Motion,  of  which  we 
Iiave  fpoken  above.  Its  Quantity  may  be  drawn 
from  the  knowledge  of  the  Degree  of  the  Ano- 
maly in  Prop,  19,  20,  and  2.J. 

Fifthly,  the  Excentricity  of  the  Lunar  Orbit 
is  liable  to  a  continual  change,  and  the  Times 
of  that  change  are  the  fame  with  thofe  of  ths 
jirogreflive  and  regrelfive  Motion  of  the  Apo- 
,ga:um.  Becaufe  fby  Prop.  1 ;  J  if  you  compare 
bnc  whole  Lunation  with  another  whole  one, 
f  f  f  the 
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the  greateft  Excemricity  is  when  the  Apfes 
In  the  Syzygtes,  and  the  lead  when  they  arel 
the  QuadraiUres.     And  in  one  Lunation  (' 
frop.  12.)  it  b  greateft  when  the  Moon  is  in 
Syzygies,  and  leaft  when  the  Moon  is  in 
Quadratures:  for  Example,  in  that  Month  that 
the  Apfes  are  in  the  Syzygies,  the  Excentricity 
iidiminifh'd,  when  the  Moon  itfelf  is  come  w 
(he  Quadrature,  at  which  time  it  is  leaft  of  all 
in  that  Lunation.     And  Ukewife,  when  the  A- 
pogjcum  is  in  the  Quadrature  with  the  i5un,  the 
Excentricity,  which  already  was  little,  is  dirai- 
nifli'd,  whim  the  Moon  goes  from  the  Syzygies 
to  the  Quadratures.    Therefore  the  Excentri- 
■  cities  of  theOrbit,  which  agrees  with  the  Afpeft 
of  the  Apogaeum  of  the  Moon  are  put  down 
in  the  Tables,  and  that  very  conveniently  over-" 
againft  the  Equations  of  the  Apogsuui,  which 
depend  upon  the    fiid  AfpeiS,  and  as  it  were 
make  the  fame  Table  with  them.    Moreover, 
ihefe  Exccntricities  are  again  to  be  correflM 
by  the  Monthly  Equation  depending  upon  the 
Moon's  Diitance  from  the  Syzygies:  For  when 
the  Moon  is  in  the  Syzygies,  the  Excentricity 
(enters)  farihui )  is  greateft.     But  the  Excemn- ' 
city  thus  equated  muft  again  be  (by  ?rof.  i8  and 
19.)  correfled  according  as  the  Sun's  Diftancfi 
from  the  Earth  is  encreas'd  or  diminifh'd;  and 
/     this  jEquation  depends  upon  the  Earth's  Ano- 
maly 1  But  thefe  three  Tables  are  calculated  by 
help  of  the  refpedlive  aforecited  Propofition^ 
together  with  the  20th  and  ijtii.    And  as  the 
Mutations  of  the   faid  Excentricity  have  tho 
fame  Terms  and  Times  with  the  aforefaid  Mo-1 
tions  of  the  Apo^xum,  the  two  laft  vEquationi^ 
of  it,  namely,  the  Monthly  and  Annual,  will' 
alfo  very  conveniently  in  the  fame  Table  be ' 
joyn'd ' 
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ioin'd  to  the  two  laft  vEqoations  of  the  Excen* 
tricity.  Thcfe  Correiftions  are  made  very  well 
snd  eaflly  by  the  Addition  or  SubcraAion  of  the 
J'afticulars  fet  down  in  the  Table,  according 
to  the  various  DiftanCe  of  the  Moon  from  the 
Syzygies  with  the  Sun,  or  the  various  Diftance 
of  the  Earth  from  the  Aphelium  j  that  is,  un- 
der the  fame  Titles  as  yoa  had  before  fee  down 
the  Annual  and  Monthly  Corredlons  of  the 
Apogafum. 

Sixthly,  you  muft  add  the  faicl  Table  of  the 
t^^uatim  of  the  Orbit,  by  which,  from  the  gi- 
ven Time  of  the  Moon's  being  in  the  A  pogjcum^ 
you  may  find  rhe  Angle  by  which  the  Moon, 
feen  from  the  Earth,  is  diftant  from  the  Apo- 
;a;um.     For  as  the  Moon  in  its  temporary  El- 
ptic  Orbit  moves  after  the  fame  manner  about 
the  Earth  in  the  Focus  of  an  Ellipfis,  as  any 
Primary  Planet  moves  about  the  Sun;  thitis^ 
(lefcribes  (by  a  Radius  drawn  to  the  Earth)  an 
\rea  proportionable  to  the  Timej  (at  leaft  wa 
low  abftrafl:  from  all  other  Inequalities,  having 
heir  proportion  in  the  other  Tables  of  y^qua- 
lon  of  the  Moon's  Motion  ;  )  if  the  Orbit  ba 
;iven,  its  true  Place  (when  it  is  feen  from  ths 
arth^  will  after  the  fame  manner  be  found  for 
given  Time,  as  the  Place  of  the  Primary  feen 
rom  the  Sun  is  found}  that  is,  the  Excentri- 
Ity  or  Ratio  of  the  Diftance  of  the  Foci  to 
lie  greater  Axis  being  given,  from  the  giver! 
Bean  Anomaly  of  the  Moon  (which  confifts  in 
Area  proportionable  to  the  Time)  the  co^- 
ltd  Anomaly  will  be  found  in  this  Place  after 
,  fame  manner  as  in  thac  j  namely,  by  help 
Prof-  ^.  B.;.  or,  if  we  may  be  allow'3  to  ufe 
iproximation,  we  may  make  ufe  of  fome  of  the 
fiuoM  that  follow  in  the  li  &«ok.    W^rd'^ 
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Approximation  is  ruffidenc^  in  which  cafe 
Equation  of  the  Orbit,  or  the  ^EquatioOi 
the  Excentric  (  which  is  alfo  call'd  the  f^f « 
en  of  The  Moms  Center)  is  (by  Vrop.  6.  B.  ;.)  \o\ 
according  to  the  Degree  of  tlic  Moon's  mean 
Anomaly,  and  the  j^quations  being  found  for 
every  Degree,  are  let  down  in  the  Tables,  to 
be  added  or  fubtra<fted  according  to  the  Semi- 
Orbit,  from  the  Apogasum  to  the  Perigium, 
or  from  the  Perigacum  to  the  Apogaum.  But 
becaufs  the  Excencricity  of  the  Nloon's  Orbit 
is  continually  chang'd,  and  it  would  be  im- 
poffible  to  conftrud  a  Table  for  every  Excen- 
tricity  ,■  therefore  Aflronomers  commonly  con*- 
ftrufSt  Equation  Tables  of  this  kind  for  every 
Degree  of  the  Mean  Anomaly  for  the  greateft 
and  leaft  Excencricity  of  the  Orbit,  and  fome- 
times  alfo  for  the  Mean  ;  and  they  alfo  take  a 
proportionable  /Equation  berween  the  greaccft 
and  the  lead,  and  the  Eccentricity  belongs 
to  the  Lunar  Orbit  is  between  the  greateft  and 
the  leaft. 

Seventhly,  we  muft  add  a  Table  fhcwing  that 
Inequality  of  the  Moon,  which  we  have  (in 
the  iUVrof.)  fiiew'd  to  belong  to  every  Satel- 
lite, according  to  the  Moon's  various  Diftance 
from  the  Syzygies.  For  the  Moon's  Motion  in 
the  firft  Quadrant  of  the  Month  (  or  as  the 
Moon  goes-  from  the  Conjundion  to  the  neK 
Quadrature)  is  retarded,  accelerated  in  the  ft- 
condj  retarded  again  ia  the  third,  and  then 
celerated  again  in  the  fourth. 

Tycho  was  the  firft  chat  difcover'd  this  inequi 
in  the  Moon's  Motion,  and  gave  it  properl] 
nough  the  Name  of  K.r«(/ow.  But  a  Table  of 
riation  is  to  be  made  from  what  has  been  fai( 
(.V.  2.Prt.f.  4.  according  as  the  Moon's  Orl 
bro4i 
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broader  between  rhe  Quadratures,  and  narrower 
between  the  Syzygies,  whicK  has  been  fliewn 
to  be  the  true  Track  of  the  Moon  (hy  Prop.  z. 
and  its  i&  Carol.)  The  greateft  Quantity  of 
that  Variation  is  drawn  from  the  20th  and  2jrli 
Frail,  and  the  Quantity  belonging  to  every  Di- 
ftance  of  the  Moon  from  the  Syzygies  (  frotn 
Prop.  I.  and  2.  and  the  Cor.  of  the  id.)  Befides, 
the  Variation  is  again  to  be  correfted,  by  help 
of  the  Table  made  by  Prop.  18.  and  19.  For 
when  the  Earth  is  in  the  Perihelium,  the  Moon's 
Periodical  Time  is  encreasM,  and  among  all 
the  other  encreas'd  Errors,  this  Variation  f  which 
we  now  fpeak  of )  is  encreas'd  every  Revolution 
in  a  Duplicate  Ratio  of  the  Time  between  the 
'Moon's  Quadriitnres  (by  Scbol.  Prop.  18.)  This 
Corrcfftion  dependiupon  the  Earth's  Mean  A- 
nomaty,  and  alfo  the  other  by  which  the  Vari- 
ation is  encreas'd  ordiminifli'd  in  a  Triplicate 
Ratio  of  the  Sun's  appareiit  Diameter,  feenj 
from  the  Earth,  "f 

Eighthly,  you  muft  fct  down  three  vEquati^l 
ins  of  the  Moon's  Nodes  in  Tables.  The  fitftl 
if  'em  depends  upon  the  Afpeft  of  the  Node»l 
yich  the  Sun:  For  (by  Prop.  14.)  the  Nodes  arM 
lltogether  at  reft  in  the  Syzygies;  butwheiw 
'ley  ftick  about  the  Sun'sQuadratures,  rhey  aiw 
trried  very  fwiftly  in  anttcedtnt'ta  ;  and  efpecia!-J 

fo,  if  you  compare  one  whole  Lunation  withi 
inother  whole  one.  For  if  you  obferve  one  1 
^yirlelf,  the  Nodes  go  back  rwifEeftibyPro;'.i4.)  ' 
'hen  the  Moon  is  in  the  Syzygies :  And  froiri  ' 
ence  the  Monthly  ^Equation  is  neceffary,  ' 
rhich  depends  upon  the  AfpccS-s  of  the  Sun  ' 
Bd  Moon.  The  third  jEquacion  is  Annual;  J 
>r  the  Nodes  (ceteris  parib»s)  go  back  fo  much  \ 
fafter,  as  the  Earth  is  nearer  to  the  Perihe- 1 
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Hum,  hy  Prof.  19.  The  Quamities  of  thofeiE- 
quacions  (whether  they  be  the  greateft,  or  cbolo 
that  agree  with  any  AfpeA  of  the  Nodet,  or 
of  the  Moon  with  the  Sun,  and  the  Anomaly 
of  the  Earth)  are  dctermin'd  by  the  joth  and 
7  jch  Prop,  together  with  the  14th  and  19th. 

Ninthly,  there  is  need  of  the  fame  Correiai- 
ons  to  tjuatt  the  Inclination  of  the  Moon's  C^- 
bit  to  the  Plane  of  the  Ecliptic :  For  it  is  (  by 
Trof.  If.)  lead  when  the  Nodes  are  in  the<^^* 
dratures  with  the  Sun,  and  greateft  when  they 
are  in  the  Syzygiesj  and  in  the  fame  Lunation, 
leafl  when  the  Moon  is  in  the  Syzygies,  and 
greateil  when  it  is  in  the  Quadratures.  Since 
therefore  thefe  have  the  fame  Times  as  the  M^ 
quations  of  the  Nodes  (as  we  hare  faid  before] 
in  refpcd  of  the  Afped  of  the  Nodes,  as  weH 
with  the  Moon  as  with  the  Sun,  they  eafily  M 
in  together  in  the  fame  Table.  And  the  Cor- 
rection of  the  Inclination  of  the  Planes  is  mads 
*  eafily,  by  the  Partidn  to  be  added  in  tho 
lealt  Inclination  (as  we  have  faid  before,  con* 
cerning  the  corrci^jng  of  the  Excentriciiy) 
which  vary  according  to  the  faid  Afpefe  of  the 
Nodes  and  of  the  Moon  to  the  Sun  (or,  in  tjie 
Aftronomers  Phrafe,  according  to  theDiftaneef 
of  the  Nodes  and  of  the  Moon  from  the  Sun) 
or  perhaps  more  fitly  by  the  Particles  to  fee 
ileduifted  from  the  greateft  Inglination :  For  this 
Jeems  nitcural  to  the  Moon's  Orbit,  hecaufc  it 
wou'd  belong  to  it  if  the  Sun  did  not  difturh 
ic<:  Motion.  But  this  Inclination  nlfo  is  to  be 
(ipmted  by  the  Annual  Correction,  which  de- 
pends upon  the  !parth's  Diftance  from  the  Son, 
or  the  Earth's  Anomaly,  and  wMch  will  fi)li 
into  one  Table  with  the  Annua! /F.quation  of 
the  Nodes.  The  greateit  Qjiaiuiiigj  of  thofe 
■■'■_■■.■  three 
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three  Equations,  and  chofe  which  belong  to 
every  Afped  or  Diftance,  are  drawn  from  the 
3y,  18,  19,  20,  and  25- Propofitions. 

Tenthly,  a  Table  is  to  be  made  co  fhew  the 
Proportion  of  al!  the  foregoing  Monthly  Cor- 
redions,  or  Increments  or  Decrements  made  in 
the  Syzygies,  in  the  ConjancHon  and  Oppofi- 
don  with  the  Sun  For  (  by  Frop.  j6.  )  all  the 
Effetfts  that  are  producd  in  the  Syzygies  of  the 
luminaries,  are  gVeater  in  the  ConjuniAion  and 
(efs  in  the  Oppolition.  The  Proportion  may 
be  drawn  from  the  Ratio  of  the  generating 
Forces,  by  the  foregoing  Propofitious, 

Eleventhly,  there  is  added  a  Table  of  the 
Moon's  Latitude  according  to  every  Degree  of 
the  Diitance  from  the  faid  Node.  Its  Conftru- 
Aion  depends  upon  the  Docfcrine  of  Spherics. 
For  in  a  Spherical  Rejftangular  Triangle  befides- 
the  Right  line,  the  Hypothenure  is  given, 
"namely  the  Moon's  Dittance  from  the  Node, 
and  the  Angle  at  the  Node,  namely,  the  In- 
clination of  the  Plane  of  the  Moon's  Oibit  to 
the  Plane  of  the  Ecliptic,  (which  is  alfo  cail'd 
the  Indmathn  of  the  Limits ;  )  therefore  the  Side 
oppofite  to  that  Angle  will  be  found;  namely, 
the  Moon's  Latitude  requic'd,  according  to  the 
TaidDiftance  from  the  Node.  But  becaufe  the 
inchnation  of  the  Plane  of  the  Moon's  Orbit 
to  the  "Plane  of  the  Ecliptic  is  different  at  diffe- 
rent Times,  therefore  commonly  one  Tabic 
■ijniy  of  the  Moon's  Latitude  is  made  for  the 
-jjeaft  Inclination  of  the  fiid  Planes,  thofe  Par- 
cicles  being  joyn'd  which  are  to  be  added  to 
ithe  Latitude,  when  the  faid  Inclinacion  15  the 
imtAtt^.  In  the  Mean  Inclinations,  fuch  a  part 
(Of  the  annex'd  Particle  is  to  be  added,  as  is 

d^e  whole,  as  the  Excefs  of  the  given  Inclina- 
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tion  above  the  leaft^  to  the  Excefs  of  the  greateft 
dfjove  the  leaft ;  as  it  is  ufual  in  the  like  cafes. 

Twelfthly,  you  muft  alfo  fubjoin  a  Tabk, 
fliewing  the  Moon's  Place  reduc-d  to  the  Ecli- 
ptic  for  every  Degree  of  the  Moon's  diftance 
from  the  Node.  Its  Conftradidn  alfo  depends 
upon  the  DoArine  of  Spherics.  For  in  the 
fame  Triangle  in  which  the  Latitude  is  firft 
found  out^  the  third  Side,  cf  the  diftanrce  be^ 
tween  the  Node  arid  the  Point  where  the  Circle 
of  Latitude  paffing  thro'  the  Moon's  Place,  cues 
the  Ecliptic-  is  the  Moon's  diftance  from  the 
Node  reduc'd  to  the  Ecliptic :  and  the  Interval 
between  that  and  the  Moon's  diftance  from  the 
Node,  computed  in  its  Orbit,  is  call'd  the  Jlt^ 
duBiony  and  is  difpos'd  into  a  Table  according 
to  Art.  And  as  it  varies  accoi^ihg  to  the  Va-t 
rious  Inclination  of  the  Lunar  Orbit  to  the  E- 
cliptic,  (after  the  fame  manner  as  before)  the 
'Excefs  of  the  forefaid  Redudion  is  mark'd  when 
the  Inclination  of  the  Limits  is  the  greateft,  that 
its  proportional  part  may  be  taken  when  the 
Inclinationr  of  the  Limits  is  Mean  between  the 
greatefl!  and  the  leaft  :  For  the  Redudion  itfelf 
is  fitted  to  the  leaft  Inclinaciph,  as  the  Latitude 
was  before. 

^  But  alio  when  other  Errors  are  difcover'd, 
otljer  Tables  muft  be  conftrufted,  fully  a*d  per- 
fedly  to  redify  the  Moon's  Motion^  which  is 
far  the  •hardeit  Work  in  Aftronomy.  Let  what 
We  have  ftid^of  the- Order  of  thefe  Tables,  fuf* 
fice  in  fhe  mean  time.  "^^    •    • 
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Proposition   XXVtT. 

TO  explain  the  Order  of  Lunar  Tables,  in  orda-  to 
find  readily  the  Place  of  the  Moon  fcen  from  a 
given  Paint  in  the  Earth's  Surface. 

Becaufe  the  Moon's  Place  feen  from  a  Point 
in  the  Earth's  Surface  differs  fenfibly  from  its 
Place  when  feen  from  the  Center,  which  laft 
Place  alone  is  to  be  found  by  the  foregoing 
Tables ;  therefore  Aftronomers  make  Tables 
alfo  to  difcover  the  firft  from  the  knowledge  of 
the  laft.  And  as  the  Parallax  is  all  the  diffe- 
rence between  the  faid  Places,  tht  knowledge 
cf  it  is  fufficienr.  And  becaufe  when  you  know 
the  Horizontal  Parallax,  you  may  find  the  Pa- 
rallax of  any  other  Elevation  above  the  Hori- 
zon, by  Prop.  47.  yj.  I.  therefore  we  have  need 
only  of  the  Moon's  Horizontal  Parallax.  And 
as  the  Moon's  horizontal  Parallax  varies  accor- 
ding to  the  Moon's  greaftr  or  lefs  diftance  from 
the  Earth,  there  muft  be  made  a  Table  of  cliofe 
Parallaxes.  Now  the  Parallax  for  one  Diifance 
is  known  by  Pret.  22.  and  the  Moon's  Diflances 
from  the  Earth  in  the  other  Points  of  its  Orbit 
in  refpea  of  the  Diftance  found  by  the  faid 
22<i  are  determin'd  by  the  Moon's  Orbit,  which 
has  been  before  defcrib'd  j  therefore  the  Moon's 
horizontal  Parallaxes  [  which,  by  Prrf.  48.  B.  2. 
are  reciprocally  as  itsDiftances  from  the  Center 
of  the  Earth)  according  to  its  Situation  in  re- 
JpeA  of  the  Apogsnm  and  Perigarum  of  its 
Orbit,  that  is,  according  to  its  mean  Anomalv, 
are  known  and  reduc'd  to  a  Table. 
■;  But  becaufc  fuch  a  Table  of  the  Moon's  ho- 
rizbntal  Parallaxes  fcrves  only  for  one  Figure 
'of  the  Orhit;  therefore  thev  conftruift  one  for 
itile  greateft  Excentricity  and  another  for  the 
leaft. 
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leaft,  and  take  the  Moon's  horizontal  Paralf 
for  a  given  Time  in  the  fame  Mean  Ratio  I 
twecn  the  Parallaxes  agreeable  to  the  greal' 

and  leaft  Excentricity,  becaufe  the  Excencn 

ty  agreeable  to  that  Time,  is  a  Mean  between 
the  ereateft  and  the  leaft  Excentricity. 

Tne  Moon's  horizontal  Parallax  thus  founds 
is  to  be  redified  by  a  certain  jEquacion  to  be 
drawn  from  another  Table,  whole  Foundation 
is  as  follows.  It  is  plain  from  Praf.  2.  that  the 
Moon  (caterU  paribm)  is  farther  diftant  from  the 
Earth  in  the  Quadratures  than  in  the  Syzygies. 
One  may  find  the  Proportion  between  thofe  Di- 
ftances  of  the  Moon  from  the  Earth,  from  the 
Proportion  of  the  Forces  of  the  Sun  which 
produce  that  Eflfeil  by  help  oi  Prrp.  20,  and  ly. 
Therefore  a  Table  for  ai^iMting  the  Moon's  Pa- 
rallax coofiftsof  Panicles  to  be  fubftraAed  from 
the  Parallax  which  it  has  in  the  Syzygies,  as 
(the  Moon  comes  nearer  to  the  Quadrature, 
where  {ceteris  faribus)  the  Parallax  is  the  IcaR, 
becaufe  the  Moon  is  the  fartlieft  diftant  from  the 
jiarth:  Therefore  this  yEquation  is  Monthly, 
depending  upon  the  Syzygies  of  the  Sun  and 
Uoon. 

But  this  Parallax  of  the  Moon  is  alfo  affeAed 
by  the  Annual  .Equation  ;  as  being  lefs  when 
the  Earth  is  in  the  Perihelium,  greater  when  it 
is  in  the  Aphelium,  (cateris  parihui)  becaufe  the 
whole  Lunar  Syftem  is  in  this  cafe  contracted, 
but' dilated  in  the  other,  by  Prop.  17.  This  JE- 
(juacion  depends  upon  the  Earth's  Mean  Ano- 
ni;)ly,  and  is  conftrm^ed  by  help  of  the  17th, 
jcth,  and  jsthPropofitions. 
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Proposition  XXVIII, 

TO  find  the  Moon's  Place,  feen  from  any  "Place  of 
the  Eanb'i  Surfiee,  for  a  given  Time,  b)'  belp 
ef  the  Tables  above  dtjcribd. 

Let  the  Time,  reckon'd  at  (he  Habitation  or 
Place  given,  be  (  by  Prof.  %z.  B.  2.)  reduc'd  to 
the  Time  which  is  reckon'd  under  the  Meridian 
of  the  Place  for  which  the  Tables  arc  calcu- 
iatedj  and  when  (by  Prop.  17.  B.  ;.)ic  is  equated 
to  it,  let  the  Sun's  Place  be  found. 

Ac  the  Epocha  mark'd  in  the  T^ble,  which 
goes  before  the  given  Time,  mark  the  Mean 
Places  of  the  Moon,  of  the  Moon's  Apogxuni, 
and  of  the  afcending  Nodes,  and  colledjng  the 
Mean  Motion  of  thofe  three  made  from  that 
Epocha  to  the  Time  given,  add  the  two  firfl  to 
the  aforefaid  Places  of  the  Moon  and  rhe  Apo- 
gsum,  that  they  may  become  the  Mean  of  tbem 
for  the  Time  given ;  but  let  the  Motion  of  the 
Node  then  made,  be  fiibftraded  from  the  ra- 
dical Place  (becaufe  they  are  mov'd  in  antecc- 
dentiA)  that  it  may  become  its  Mean  Place; 
and  let  the  Moon's  Mean  Place  be  corret^ed  by 
that  Equation  depending  upon  the  Earth's 
Mean  Anomaly.  Of  whichree5e//.lII.(^'o;).26. 
Moreover,  let  the  Mean  Place  of  the  Apo- 
ga:um  be  correded  by  three  j^iquations,  of 
which  we  have  fpoken  in  the  4th  StEi.  of  the 
faid  26th  PrBf.  For  the  Sun'sPlace  being  given, 
and  the  nearly  true  Place  of  the  Apogzum, 
the  Afped  of  the  Lunar  Apogarum  with  the 
Sun  is  given,  and  from  thence  the  ^.quation 
that  depends  upon  it.  Likewile,  becaufe  as 
well  the  Sun's  true  Place,  as  the  Moon's  nearly 
true  Place  is  known,  the  Moon's  AfpeA  to  the 
Sun  isalfo  known,  and  from  thence  cheMonthly 
vEquj- 
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j^quaiion  of  the  Apogxum  that  depends  \i\ 

ir.  And  an  annua!  ^tquacion  of  the  Apogacum 
agreeable  to  the  Earth's  Mean  Anomaly  (firft 
ntceffary  to  determine  the  Sun's  Place)  will  be 
found  in  the  third  Table  of  jtquation.  And 
rhii  /Equation  is  the  truly  annual  one  depend- 
ing upon  the  Earth's  Period  about  the  Sun ;  for 
that  firft,  which  depends  upon  the  Afpeft  of  the 
Moon's  ApogKum  with  the  Sun,  is  by  fomo 
improperly  call'd  Annual,  lince  its  Period  is  noc 
finifii'd  in  lefs  than  400  Days;  the  Sun  re- 
quiring that  Time,  that  being  gone  from  the 
Lunar  Apogxum  it  may  again  follow  the  Apo- 
gaum  which  is  carried  /"«  conft^ucntu.  So  alfo 
the  Excentricity  of  the  Moons  Orbit,  taken 
out  of  the  Table  from  the  Sun's  ApogKum,  is 
correaed  by  the  Monthly  and  the  Annual  JE- 
quation. 

Having  therefore  found  the  true  Place  of 
the  Moon's  Apogzeum,  and  the  Moon's  Mej 
Place  being  firft  correfted,  by  taking  the  fij 
from  the  laft,  the  Remainder  is  the  Mooj_. 
-  Mean  Diftance  from  its  Apogaum  reckon'd  qe' 
rumber'd  j«  csnft^uentia,  or  the  Moon's  Mean 
Ancmaly  ;  agreeable  to  which  you  will  (in  the 
Table  of  Sea.  ^.  Prop.  26.)  find  the  Profia^htrefix 
for  the  Excentricity  of  the  Orbit  before  found, 
ty  which  the  Moon's  Mean  Place,  before  cor-, 
refted,  being  again  reftified,  will  give  the 
Moon's  Place  more  corredl,  •orE'^iuteil,  as  fome 
,  call  it. 

From  the  Moon'sEquated  Place  lately  found, 

*  and  the  Stin's  Place  firft  of  all  determin'd,  the 

'"Afpedof  the  Sun  and  Moon  is  now  enough 

known,  and'  the  Variation  that  depends  upon 

it,  is  known  by  the  Table,  of  which  we  fpoke 

inS'ect.y.Frpf.26.  but  even  this  is  to  be  corretfted 
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by  the  double  Annual  ^Equation,  of  which  we 
fpoke  in  the  fame  Place.  The  Moon's  Equated 
Place  is  to  be  correifted  by  the  Variation  cor- 
vefled  in  the  abovemention'd  manner  j  and  thus 
you  will  to  the  greateft  nicety  have  the  Moons 
Piace  in  its  Orbit,  or  in  refpeft  of  its  Apfis. 

Now  in  order  to  reduce  it  to  the  Ecliptic, 
fitft  of  alt  we  mufl  determine  the  Places  of  the 
Nodes.  And  as  the  Sun's  true  Place,  and  the 
nearly  true  Place  of  the  Nodes,  or  their  Mean 
Place  will  be  given  ;  fo  likewife  wilt  be  given 
the  Afped  of  the  Nodes  with  the  Sun,  and 
confequently  its  correfponJent  Equation  from 
the  Table,  of  which  we  made  mention  in  the 
8th  SeSl:  Frsp.  26.  by  which  the  Node's  Mean 
Place  being  corrciited  is  again  to  be  twice  cor- 
re<aed  by  the  Monrhly  and  Annual  ^Equation 
of  which  we  alfo  fpoke  there. 

At  the  fame  time,  from  the  fame  Afpeft  of 
the  Nodes  to  the  Sun,  may  be  drawn  the  Ex- 
cefs  of  the  Inclination  of  the  Limits  above 
their  own  lead  Inclination  (  or  their  Defed 
from  the  greateft  )  by  which  the  leaft  Inclina- 
tion (or  the  greateft)  is  to  be  corredted,  that  ic 
may  become  more  exaft  :  but  it  is  again  twice 
to  be  correckedj  namely,  according  to  the 
Moon's  Afped  to  the  Sun,  and  the  Earth's 
Mean  Anomaly;  of  whicli  Tables  of  Equa- 
tion we  have  Ipoken  in  Secl.  9.  Prop.  26.  If  the 
raoft  correct  Place  of  the  Moon  in  the  Syzygies 
be  requir'd,  you  may  alfo  have  the  Propor- 
tion of  that  Corredion,  which  we  have  fpokcn 
of  in  SeiL  10.  Prop.  26. 

But  becaufe  the  true  Places  of  the  Node  and 
the  Moon's  Apoga:um  in  the  Ecliptic,  and  the 
Inclination  of  the  Moon's  Orbit  to  ic  are  known 
-  by  the  rerolution  of  the  Reiitangiilar  Spherical 
Tri- 
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Triangle,  in  which,  bcfides  the  Right-AuRleJl 

one  ot  the  Angles,  aad  one  of  the  Sides  next 

to  the  Right-AngK-  are  given,  the  Diftance  of 

the  Apogsum  from  rhe  Node,  computed  in  the 

!•  MoonVOrbit,  is  found;  wz..  theHypothenufe, 

'  And  the  Moon's  Pitcc  in  its  Orbit  reckon'd  from 

I   the  Apoparam  is  found:  And  therefore  the  Di- 

.   fiance  of  the  Moon  from  the  Node,  reckon'd 

in  the  I  unar  Orbit  will  be  alfo  known.    And 

as  the  Inclination  of  the  faid  Lunar  Orb  to  rhe 

Ecliptic  is  alfo  given  ;  there  will  be  found  both 

the  Moon's  Latitude,  and  irs  Place  in  the  E- 

cliptic,  either  by  the  Refolurion  of  the  reiftan- 

gular  Spherical  Triangle,    comprehended  be- 

.  tween  the  Lunar  Orbit,  the  Ecliptic  and  iha 

Circle  of  Latitude,  or  fooner  by  the  Tables  of 

latitude  and  Redu^on,  (of  which  fee  SeSi.  i  i^ ' 

and  12.  Prop.  z6.  where  the  faid  Triangle  isr6 

I    iblv'd)  whofe  ofe  is  enough  known,  and  tU 

Diftance  of  the  Moon  from  the  Node  comptt 

ted  in  the  Lunar  Orbit,  is  call'd  the  Argumet 

tf  the  Latirudt. 

Therefore  the  true  place  of  the  Moon  it 

found,  (that  is,  feen  from  the  Center  of  tho 

Earth)  as  well  in  Longitude  as  in  Latitada. 

But  to  find  what  Situation   a  fhanomtmn  of 

given  Longitude  and  Latitude  has  in  a  given 

Horizon,  that  is,  what  Altitude  and  what  Vcr« 

"  ticat  it  has  at  a  giten  Time,  is  a  Problem  eafy  to 

be  folv'd  by  the  Doctrine  of  Spherics:  for  it  is 

the  inverfe  of  Vrep.  26.  and  27.  B.  2.     Now  if 

the  Moon's  apparent  Place,  or  that  in  which  it 

is  feen,  be  defir'd,  you  muft  in  the  firft  Table, 

(■fee  Prop.  27.)  note  the  Parallax  agreeable  to 

the  Excentricity  of  the  Moon's  Orbit  and  Mean 

,  Anomaly  before  known,  which  you  muft  cor-* 

,  «ia  by  the  Monthly  and  Annual  ./Equations,  of 

i  ,  wtH«t»| 
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.^rtiich  we  fpoke  In  the  faid  Frof.  27.     From  thsfl 
horizontal  Parallaxes  find  (  by  Prop.  47.  B.  2<)fl 
riie  Parallax  agreeable  to  the  Altitude  beforetjH 
found,  which  being  fubftrafted  from  the  firff^ 
will  have  the  Moon's  apparent  Altitude  :  And 
there  is  no  other  difference  between  the  Moon's 
true  and  apparent  place,  befides  this  decreafe  of 
Altitude  or  Parallax,  and  the  common  one  a- 
rifing  from  the  Refradtion  of  the  Rays  thro' 
the  Atmofphere,  of  which  fee  Pmji.  64.  and  6f. 
Ji.  2.     As  ioi   the  mutations  of  Longitude  and 
Latitude  which  are  owing  to  the  Parallaxes  and 
Refradion,  you  may  gather  them  from  Prop. 
6;.  and  68.  B.2.     Therefore  the  Moon's  Place 
is  found,  as  well  the   true   one,  as  that  feen 
from  any  Point  of  the  Earth's  burfece,  both  in 
Longitude  and  Latitude.    ^  E.  F. 

Proposition  XXXDC. 

TO  ^ive  a  Port  scccunt  of  fucb  of  the  fere- 
mentinnd  Correilioni  eonceming  the  Mooni 
Motion  as  ha-ve  hen  hitherto  Taktn  mt'tce  of  hj  the 
Coj}firuSors  of  TahUsf  and  fucb  of  them  as  ba-ue 
heen  negleBed- 

Firft,  they  negleft  all  the  Annual  /Equations 
or  CorreAions  depending  upon  the  various  Di- 
flance  of  the  Earth  from  the  Sun,  which  have 
been  explain'd  in  Vrop.  18.  and  19.  and  conHder 
only  that  which  arifes  from  the  encreas'd  and 
diminifh'd  Periodical  Time  of  the  Moon  about 
the  Earth,  from  the  dimimfli'd  or  encreas'd  Di- 
ftanceof  theEarthfrom  the  Sun;  that  is,  which 
depends  upon  the  Earth's  Mean  Anomaly.  Nay, 
tho' this  Inequality  was  obferv'd  by7}c/jo,  Kefkr^ 
and  Horoxiui,  yet  they  confounded  it  with  the 
others :  for  by  reafon  of  it  they  were  com- 
pcU'd  [by  the  nature  of  things)  to  reduce  the 
Appa- 
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Appareni»to  the  Mean  Time  in  reckoning  the 
jMoon's  Place?,  another  way  than  they  us'd  ,to 
do  in  reckoning  the  Places  of  the  Sun  and  other 
fix'd  Stars  j  and  efpecially  Tycho  quite  left  out 
that  pare  of  the  iEquation  of  Time  which  de- 
pends upon  the  Earth's  Mean  Anomaly,  upon 
which  alfo  this  Inequality  of  the  Moon  depends. 
But  Kefltr  and  tinroxius  having  carried,thc  Mat- 
ter farther  for  their  equating  of  Tifme,  make, 
ufe  of  an  additional  Phyfical  Part,  when  the  true, 
and  Aftronomical  ohe  may  be  t^ken  away,  and 
fo  on  the  conrrary.  The  moft  ingenious  Dr.; 
Halley  was  the  firft  that  feparated  this  Inequaljity 
Cwhich  Mr.  James  Gregory  fulpefted  to  belong  to 
the  Moon,  in  the  Schol.  of  Vrof.  86.  of  his  Of  tics) 
from  the  others,  in  a  Treatife  fubjoin'd  to  his 
Catalogue  of  the  Southern  Fixd  Stars.      But  it  is 

plain  from  the  foremention'd  Frop.  i8.  and  19. 
that  all  the  Inequalities  of  the  Moon  want  a 
double  Annual  Corredion,  to  make  them  true 
and  exa<ft. 

Laftly,  all  the  Monthly  Equations  ariiing 
from  the  Afped  of  the  Sun  and  Moon  are  neg* 
leded,  except  the  Variation  only.  'Tis  true 
indeed  that  fome  of  them  are  almoft  compen- 
lated  by  others:  as  for  Example,  the  Monthly 
Variation  of  the  Limits^  and  the  Monthly  ^- 
quation  of  the  Nodes  (o  take  off  and  corre^ 
one  another,  that  they  may  be  both  negleded 
in  determining  the  Moon's  Latitude  ^  but  the 
Monthly  ^Equations  of  the  Motion  of  the  A- 
poga^um,  and  of  the  difference  between  the 
leaft  and  greatefl  Excentricity,  and  thofe  o£ 
the  Nodes  and  of  the  Inclination  of  the  Moon^s 
Grbit  to  the  Ecliptic,  are  the  Bafis  and  Foun- 
dation of  the  other  Inequalities,  which  depencf 
upon  the  Afpe(Jt  of  the  Sun  and  the  Apogarum^ 

or 
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,  or  of  the  Sun  and  the  Nodes;  as  may  be  fully 

L  gather'd  from  the  ro,  ii,  iz,  15,  i4andi5'th 
'  Propofitions.     Likewife  the  MonthlyjEquacion 
between  the  New  Moon  and  Full  Moon  (of 
which  we  fpoke  in  Prop.  16.)  is  negleified. 

And  thofe  ^Equations  which  afFed  the  Moon's 
Motion,  whether  real  or  apparent,  (of  which 
we  fpoke  in  Trop.  2.)  arifing  from  the  greater 
Diftance  of  the  Moon  from  the  Earth,  in  the 
Quadratures  than  in  the  SyEygies,  are  altoge- 
ther neglcAed  :  neither  is  the  difference  of  the 
Moon's  diftance  from  the  Earth  confider'd  o- 
therwife  than  as  arifing  from  the  Excentricity 
of  the  Orbit;  and  depending  upon  the  mean 
Anomaly  ;  whence  alfo  the  Monthly  TEquatlon 
of  the  horizontal  Parallaxes  (Pro^.  2.j.)  is  aUb 
neglefted. 

But  thofe  .Equations  which  depend  Upon  the 
Afpeift  of  the  Sun  and  the  Lunar  Apogxurrt 
Cniention'd  in  Prop.  11.  and  x  J.)  and  alfo  thofe 
which  depend  upon  the  Afpedt  of  the  Sun  and 
the  Nodes  (treated  of  in  Prep.  14.  and  i  j.)  are 
confider'd  by  Aftronomers.  For  they  are  frfr 
the  greateft,  and  make  up  the  greateft  part  of 

I  rhe  Inequalities  of  the  Moon's  Motion. 

For  the  Conftruftion  of  Tables  therefor^, 
befides  the  foregoing  ^Equations  depending  upoil 
the  Afpeit  of  the  Sun  with  the  Moon's  Apo- 
gaeum  or  Nodes,  an  Annual  and  a  Monthly  M- 
quation  (which  we  fpoke  of  before)  is  to  be 
confider'd.    But  the  jEqu?itions  of  the  Moon's 

I  motiop,  in  feveral  Lunar  Tables,  have  Titles 
fo  different  from  the  tfue  Periods  of  thefe  In- 
equalities, that  it  is  dillicult  enough  to  affsrcr 
Which  of  them  the  ConftrutSors  confider'd  and 
which  of  them  they  negletled.  And  fometimes 
' "?  fome  Inequalities  are  mix'd  and  confounded 
G  g  g  with 
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with  others:  As  for  Example,  they  do  not  pun 
ly  deduce  from  the  Moon's  Orbit  gWen,  t% 
jtquation  of  the  E-xcencric  (or  of  the  MootI 
Center)  but  as  it  were  confufedly  mix  it  win! 
the  others;  as  with  that  part  of  the  Inequality 
of  the  Variation  that  depends  upon  the  time  be- 
tween the  Quadratures,  which  arifes  from  the 
Situation  of  the  Moon  in  refpeiS  of  its  Apo- 
giEum;  (cs  Schol.  Prop.  iS.  But  as  they  made 
their  Tables  not  from  known  Phyfical  Caufes 
and  their  Periods,  but  only  by  attending  to 
Obfervations ;  it  is  no  wonder  if  they  did  not 
rightly  diftineuifti  the  Inequalities  from  one  an- 
other and  difpos'd  them  under  foreign  or  lefs 
proper  Titles. 

SCHOLIUM. 
I  have  thought  fit  to  fubjoyn  the  Theory  of 
the  Moon  made  ufe  of  by  Sir  Ifa^ic  Nnvton,  hj 
which  this  incomparable  Philofopher  has  com- 
pafs'd  this  extremely  difficult  Matter,  hitherto 
defpair'd  of  by  Aftronomers  j  namely,  by  Cal- 
culation to  define  the  Moon's  Place  even  out 
of  the  Syzygies,  nay,  in  the  Quadratures 
themfelves  fo  nicely  agreeable  to  its  Place  in 
the  Heavens  (  as  he  has  experienc'd  it  by  feve- 
ral  of  the  Moon's  Places  obferv'd  by  the  inge- 
nious Mr.  Flamfiead)  2.1  to  differ  from  it  C"/hen 
the  difference  is  the  greateft)  fcarce  above 
two  Minutes  in  her  Syzygies,  or  above  three  in 
her  Quadratures;  but  commonly  fo  little  that  it 
may  well  enough  be  reckon'd  only  as  a  Defed  of 
the  Obfervation.  In  this  Calculation,  which  we 
give  in  the  Words  of  the  Author,  he  does  not 
wholly  mention  all  the  Inequalities,  whofe  Cau- 
fes are  above  explain'd,  nor  thofe  which  are  as 
yet  only  fufpeAed  j  but  omitting  thofe  which  he 
knew  wQu'd  take  off  one  another,  and  others 
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of  lefs  Moment,  he  only  confines  thofe  to  JE- 
quations  ahd  Tables,  that  have  the  greatell 
Force  aild  produce  the  moft  fenfible  Effects. 

Sir  Ifaac  NewtonV  Tbeorj  of  the  Moon. 

The  Royal  ObferVatOry  at  Greenwich  is  to  th« 
Weft  of  the  Meridian  of  Var'n  2".  19',  of  Ura~ 
niburg  iz°.  Jl'.  30",  and  of  Diintrt,ick  18°. 48'. 

I  put  down  the  Sun  and  Moon's  mean  moti- 
ons frorti  the  Vernal  vEquinox  at  the  Meridian 
of  Grem-ivich  as  follows:  viz,,  the  laft  Day  of 
December  1680  OU  Style,  at  Noon,  the  Stin's 
ftiean  Motion  was  j^'S",  20*.  34'.  46".  That  of 
the  Sun's  Apogaum  j'^'E.  7°.  2;'.  ;o".  The 
Moon's  mean  motion  ef'S.  i".  4^'.  4j"  That 
of  the  Moon's  ApogiCum  8'"'S.  4".  28'.  y".  That 
of  the  afcending  Node  of  the  Moon's  Orbit 
y'''e.  24°.  14''.  5  j".  And  December  the  laft  1701* 
old  Style  at  Noon,  the  Sun's  mean  motion  was 
9'''S.  20°.  4}'.  jo".  That  of  the  Sun's  ApogK- 
lim  jf'S,  7".  44'.  50".  The  meanmotionof  the 
Moon  lofig.  ly".  19'.  jo".     Of  the  Moon's  A- 

{)ogxum  iifie.  8°.  18'.  20".  And  of  the  afcend- 
ng  Node  ^^'s.  27°.  24'.  20' .  For  in  Twenty 
yulian  Years,  or  in  v^oj  Days,  the  Sun  goes 
thro'2o''cv.o'^'e.o''.9'.4".  ThemoHonoftheSan's 
Apog;eum2i'.oo".  The  Moon's  motion  267''='>'. 

J  "6. 13°.  J4'.  j".  The  motion  of  the  Moon's 
ipoga;um  z'"''.  5'^'S.  j"-  jo'.  ij".  Of  the  Node 
i":v_  ofig.  16°.  50'.  ij'.  All  the  forefaid  mo- 
tions are  from  a  Point  of  the  Vernal  jEquinox. 
And  if  from  them  be  fubftraaed  the  PrecefR- 
on,  or  Retrograde  Motion  of  the  ^quino- 
ftial  Point  it  felf,  which  has  raov'd  in  the 
tncan  time  in  antecdentia^  viz,.  1 6'.  40";  The 
Motions  will  remain  in  refped  of  :tie  Fix'fi 
G  g  g  a  ^»tt 
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Stars  in  20  Julian  Years,  namely  the  motion  of 
the  Sun,  19"^  ir^is.  29^.  fi'.  24/'.  That  of 
the  Sun's  Apogaeum  4'  20''.  Of  the  Moon 
267rev.  ^fig.  130^  j^^  -^j.//^  Of  the  Moon's  A- 
pog«um  2rev.  gfig.  :j  o.  :j  5'.  5  y".  Of  the  Moon's 
Node  i»cv.  o^ig.  27°.  6'.  yy". 

According  to  this  Computation  the  Tropical 
Tear  is  of  ;6j^ays.  yhours.  ^g'.  ^7".     And  the 

SjJerealTearj  of  gey^^ys,  g^ours.  ^/^  j^i../^ 

The  mean  motions  of   the  Luminaries  a- 
bovementioned  have  feveral  Inequalities. 

Firft  there   are  the  Annual  iEquations  of 
.  the  faid  mean  motions  of  the  Sun  and  Moon^ 
and  of  the  Apogaeum  and  Node  of  the  Moon. 
The. Annual  -Equation  of  the  mean  motion  of 
the  Sun  depends  upon  the  Excentricity  of  the 
Earth's  Orbit  about  the  Sun,  which  is  of  i6f 
of  fuch  parts  of  which  the  mean  Diftance  of  the 
Sun  from  the  Earth  is  loooj  and  therefore  is 
call'd  the  a^qudtion  of  the  Center :  And  when 
greateft,  it  is  i"*,  f6'.  20".   Thegreatefl  Annu- 
al ^Equation  of  the  Moon's  mean   motion  is 
II'.  49".  of  its  Apog«um  20'.  and  of  the  Node 
9'.  50".    And  thofe  four  Annual  iEquatiom  are 
proportionable  to  each  other:  Therefore  when 
any  qne  of  them  is  the  greateft,  the  three  0* 
thers  ^^re  tfee  greateft  j  and  when  any  one  is 
diminifli'd  the  others  are  alfo  diminifti'd  in  the 
fame  proportion :   Whence  if  the  Annual  lE^ 
quation  of  the  Sun's  Center  be  given,  you  hatre 
the  other  3  -Equations  agreeable  to  it  j  therefore 
the  Table  of  that  alone  is  fufficient.    For  if  the 
jIVnnual  ^Equation  of  the  Sun's  Center,  agree- 
able to  any  time  taken  out  of  it,  be  call'd  P, 

^nd?rP  =  ^,  -^+T-,-^=«,  fP^r^^P^- 
Vt  D  ss  E,  and  D  — rV  D  =  2  Fj  the  Annroal 
iCquatiou  of  the  Mooa  agreeable  to  that  Time 

'■-      -     -  Ml 
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will  be  R,  that  of  the  Moon's  Apog^um  E,  and 
•that  of  the  Node  F.  It  is  co  be  noted,  that  if 
the  Equation  of  the  San's  Center  is  co  be  added, 
the  forcfaid  jEquacion  of  the  Moon  is  to  be  fub- 
traded,  that  of  the  Lunar  Apogaeum  to  be  ad- 
ded, and  the  yEquation  of  the  Node  to  be  fub- 
traAed:  And  on  the  contrary,  if  the  j5!quation 
of  the  Sun's  Center  is  to  be  fubtrafted,  the 
Moon's  Equation  is  to  be  added,  that  of  the 
Lunar  Apogaum  to  be  fubtraifted,  and  that  of 
the  Node  to  be  added. 

There  is  another  tAltjuatlon  of  the  Moon's 
mean  Motion,  depending  upon  the  ficuation  of 
the  Moon's  Apogaum  in  refpeft  of  the  Sun, 
which  is  die  greaceft  when  the  Apogsum  of 
the  Moon  is  in  the  QiUnt  {  or  at  half  Right- 
anglesj  with  the  Sun,  and  none  at  all  when  it 
is  come  to  the  Syzygies  or  Qu^idracures.  This 
^Equation,  when  greaceft,  rifes  to  5'  y6"  the 
Sun  being  in  the  Perig^um  ;  but  if  the  Sun  be 
in  the  Apcg:eum,  not  above  ;'  ^4".  In  other 
Diftances  of  the  Sun  from  the  Earth,  this  great- 
eft  j^quacion  is  reciprocally  as  the  Cube  of  that 
Diftance.  But  when  the  Moon's  ApogEum  is  out 
of  the  0<ftancs,  the  faid  ^Equation  becomes  lefs, 

^and  is  CO  the  gceateft  Equation  ffuppofing  the 
diftance  of  the  Sun  from  the  Earch  to  remain  the 
fame,)  as  the  Sine  of  twice  the  diftance  of  the 
Moon's  Apogaum  from  the  next  Syzygy  or 
Quadrature,  to  the  Radius.  This  is  added  to 
the  Moon's  motion,  whilft  the  Moon's  Apoga- 
lim  paffes  from  the  Sun's  Quadrature  10  the  Sy- 
zygy ;  but  is  taken  from  it,  as  tlie  ApogEum 
goes  from  the  Syzygy  to  the  Quadrature- 

Moreover,  there  is  2.not\v^r  itAi^uatiGn  of  the 

Moon's  motion    depending   upon  the    AfpecS  of 

the  ^pdes  pf  the  Moon's  Orbit  with  the  Sun  ; 

Ggg  3  and 
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and  it  is  the  greatefl  when  the  Nodes  are  in 
Oftants  with  the  Sun,  and  vaniflies  when  tlii 
come  to  the  Syzygies  or  Quadratures.  This 
jtquation  is  prcportional  to  the  Sine  of  twice 
the  diftance  of  the  Node  from  the  next  Syzygy 
or  Quadrature,  and  when  greateft  rifes  to  47 ". 
This  is  added  to  the  Moon's  motion,  when  the 
JJodes  pafs  from  the  Sun's  Syzygies  to  his  Qua- 
dratures; but  is  fubftraifted,  when  they  pafs 
from  the  Quadratures  to  the  Syzygies. 

From  the  Sun's  true  Place  take  away  thfl 
jnean  Motion  of  the  Moon's  Apogaeum  equated 
as  was  before  ftiewn ;  the  remainder  will  be  the 
Annual  Argument  of  the  faid  Apogaium.  Then 
reckon  the  Moon's  Excentricity  and  the  fecond 
jEquation  of  its  Apogaium  in  the  following  mani- 
tlCT,[^i'hieb  ^Ifo  ohtams  m  theComputation  of  any  other 
intcrmtdintt  .'^^^aticas ;]  Let  T(Fig.  27.)  repre- 
fent  the  Earth  ;  TS,  a  Right  line  joyning  to 
Earth  and  Sun;  TACB  a  Right  line  drawn 
from  the  Earth  to  the  mean  Place  of  theMoon's 
Apogasiim  equated  as  before  ,■  the  Angle  STJ, 
the  Annual  Arguraentof  the  faid  Apogsum }  TA 
fhe  lead  Excenrricity  of^the  Lunar  Orbit  j  Ti 
its  greateft  Excentricity.  BiiTet^  W  B  in  C,  and 
with  the  Center  C,  and  Interval  C  A,  defcribe  the 
Circle  ^Fii;  let  the  Angle  B  C  F  h^  drawn 
equiil  to  twice  thp  annual  Argument:  T F  bCr 
ing  drawn  will  be  the  Excentricicy  of  the  Ln- 
par  Orbit ;  and  the  Angle  S  TF  the  fecond 
./tquation  of  the  Lunar  ^pogxum.  Ip  order  ig 
determine  them,  let  the  mean  diftance  of  tho 
Moon  from  the  Eaith,  or  the  Semidiameter  of 
the  Lunar  Orbit  confift  of  loooooo  Parts  ;.its 
greateft  Excentricity  TB,  will  confift  of  6678a 
of  thofe  Parts,  an^  the  leaft  T A,  or  43319  Ibch 
piitis ;  To  th^t  the  greateft  Equation  of  its  Or- 
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bit,  namely  when  the  Apogaum  is  in  the  Sy- 
zygies,  ftiall  be  of  7°.  59'- jo",  or  perhaps  of 
7°  40'.  00";  (  for  there  is  reafon  to  fufpe<ft  that 
that  Equation  varies  according  as  the  Apogxum 
is  in  s  or  "W  ; )  but  when  it  flicks  in  the  Sun's 
Quadrature,  the  faid  greateft  jEqu^iion  muft  be 
4".  J?',  f  6".  and  that  the  greateft  ^Equation  of 
die  ApogsEum  be  of  12°.  if'  4". 

Having  upon  thefe  Principles  conftruifted  a 
Table  of  the  ^Equations  of  the  Moon's  Apo- 
gaum,  and  the  Excentricity  of  its  Orbit  for  e- 
very  Degree  of  the  annual  Argument,  whence 
the Excentricity  TFand  the  Angle  BTF (name- 
ly the  fecond  and  chief  Equation  of  the  Apo- 
gaunO  agreeable  to  a  given  Time,  may  be  ea- 
fily  taken  i  to  the  Place  of  the  Moon's  Apogx- 
um firft  equated  as  before,  add  the  lately  found 
Equation,  if  the  annual  Argument  be  tefs  than 
90°,  or  greater  than  180",  but  lefs  than  270°  ; 
but  if  it  be  otherwife,  let  it  be  fubtradted  from 
it.  The  Sum  or  Difference  will  be  the  Place  of 
the  Moon's  Apogaeum  equated  the  fecond  time; 
which  being  fubftraded  from  the  Moon's 
thirdly  equated  Place,  the  remainder  will  be  the 
Moon's  mean  Anomaly  agreeable  to  a  given 
Time.  Moreover,  from  that  mean  Anomaly  of 
the  Moon,  and  the  late  found  Excentricity  of 
the  Orb,  you  will  have  (by  help  of  the  Table 
of^Equations  of  theCenter  of  the  Moon  calcula- 
ted for  every  Degree  of  the  mean  Anomaly,and 
fome  Excemricities,  fis;^  45'ooo,  yoooo,  yjooo, 
60000 ,and  6yooo)  the  Frajhifhartjis  orjEquation 
of  the  Center  of  the  Moon,as  commonly;  which 
being  fubtrafted in  the  firft  Semicircle  or  180' of 
the  mean  Anomaly,  and  added  in  the  laft,  to  the 
Moon's  Place,  hitherto  three  ii'sp^i  equated, 
■G  g  g  4  you 
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ycm  will  hare  the  Moon's  Place  ejqttated  a  fourth' 
lime. 

The  Moon's  greateft  Variacton^  namely  that 
which  happens  when  the  Moon  is  in  the  OAants 

,  with  the  Sun^  is  almoft  reciprocally,  as  the  Cube 
of  the  diftance  of  the  Sun  from  the  Earth.  Let 
Jt  be  taken  pr  ;7^  ay'',  when  the  Sun  is  in  the 
Perigxum,  and  of  ;  ;'•  4-^  when  it  is  in  the 
At)Ogaeum :  And  let  the  Difference  of  this  Va- 
riation in  the  0<^ants  be  reciprocally  as  the 
Difference  qf  the  Cubes  of  the  Diftances  of  the 
Sun  from  the  Earth,  and  from  thence  conftrea: 
a  Table  of  the  aforefaid  variation  of  the  Moon 
in  the  Sun's  0(ftants  (or  of  its  Logarithm)  for 
every  ten,  or  fij^,  or  five  Degrees  of  the  metn 
Anomaly ;  and  for  the  variation  out  of  th^ 
Qdgnts^as  the  Radius  is  to  the  Sine.of  twice  the 
Diftance  of  the  Moon  from  the  next  Syaygy. 
or  Qqadr^ture  j  fo  let  the  al;>ove-found  Vaca- 
tion in  the  Odant  be  to  tbeyaflation  agreeable 
to  the  given  Afped,  which  ;$eif:^  added  to  the 
Moon's  Place  above-found  in  the  firft  and  third 
Quadrant  (reckoning  from  the  Siin)  or  jfiib- 
trafted  from  it  in  the  fecond  aud  fourth, 
will  give  the  Moon's  Pbce  equated  a  fifth 
time,  ;-  .  •-     ' 

Again,  as  the  Radius  is  tp  the  Sinp  ^  ehc 

-6um  of  the  Diftancesof  the:  Moon  from  the  Sun 
and  of  the  Moon's  Apogaeum  to  the  Suns  A^- 
g^um,  for  to  the  Sine  of  tjie  excels  of  that  Sun^ 
above  160 "")  fo  2,^,  xc/\  to  the  fix th  a^uationi 
of  the  Moon's  Place,  "which  is  to  be  fubtraAed 
if  the  forefaid  Sum  or  the  faid  expefs  be  ie^ 
than  a  Semicircle,  to  be  added  if  greater.  , 
.  As  the  Radius  is  to  the  Sine  of  the  Moor^'^ 
Diftance  from  the  Sun,  fo  alfo  let  ^^.  ^o[\  b^  {q 
a  fgvench  uEquatioa    T^ke  that  away  when 
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Moon's  Light  is  encreafed,  and  i  on  the  con- 
y]  add  it  when  the  Light  is  diminiflied  ;  and 
you'U  have  the  Moon's  Place  feventhly  equated, 
which isalfoits  Place  in  its  proper  Orbit.  It  is  to 
be  obferv'd,that  the  ^Equation  which  is  here  ex- 
prefs'd  by  the  Mean  Quantity  2',  20".  is  not  al- 
ways of  the  fame  magnitude,  but  is  encreas'd 
and  diminifli'd  according  to  the  iituation  of  the 
Lunar  Apogxum.    For  if  the  Lunar  Apogsum 
be  joyn'd  with  the  Sun's  Apogium,  the  fore- 
faid  jEquation  becomes  greater  by  ^4";  if  ic  be 
oppofite  to  it,  it  is  as  much  lefs:  and  it  varies 
I  between  the  greateft  Quantity  3'.  14"}  and  the 
leaft  i'.  26".    And  thefe  things  hold  good  when 
the  Lunar  Apog^eum  is  in  the  Sun's  Syzygies ; 
but  when  it  flicks  in  the  Sun's  Quadrature,  the 
forefaiii  j^quation  is  to  be  diminifli'd  about  jo" 
or  one  whole  Minute,when  the  Moon's  Apogx- 
um  and  the  Sun's  are  inConjunifHon  ;  but  if  they 
are  inOppofition,!  can't  determine  (for  wantof 
Obfervations)  whether  it  is  to  be  encreas'd  or 
diminifli'd.     Neither  can  I  affirm  any  thing  cer- 
tain concerning  the  aforefaid   laid  down  en- 
Creafe  or  decreafe  of  the  /Equation  by  2'.  20", 
for  want  of  Obfervations  exaift  enough. 

If  the  fixth  and  feventh  Equation  are  en- 
creas'd or  diminifli'd  in  a  reciprocal  Ratio  of 
the  diftance  of  the  Moon  from  the  Earth, 
that  is,  in  a  direft  Ratio  of  the  Moon's  horizon- 
tal Parallaxis ;  they  will  become  more  exaft. 
And  that  may  be  readily  done,  if  Tables  bo 
firft  conftrmfted  for  every  Minute  of  the  faid 
Parallaxis,  and  every  fixch  or  fifth  Degree  as 
well  of  the  Argument  of  the  (ixth  ^Equation  for 
the  fixth  .Equation,  as  of  the  diftance  of  the 
JyJoon  from  the  Sun  for  the  feventh. 

From 
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From  the  Sun's  true  Place  take  away  tbe 
mean  Motion  of  the  Moon's  afcending  Node 
equated  as  before ;  the  remainder  will  be  the 
Annual  Argument  of  the  Node ;  whence  its  fe- 
cond  j^quation  will  be  computed  in  the  follow- 
ing manner:  Let  T(Fig.  zy.)  reprefent  the 
Earth  as  before  ;  7"^  a  Right-line  joyning  the 
Earth  and  the  San:  Moreover,  let  TAC  B  re- 
pref-nt  a  Line  drawn  to  the  Place  of  the  Moon's 
afcending  Node  equated  as  before,  and  STA 
the  Annual  Argument  of  the  Node.  Let  TA 
be  taken  in  the  fame  Ratio  to  AB  as  y6  to  5, 
or  187  to  I.  Biffeia  B  A  in  C,  and  with  the 
Center  C  and  Interval  C^,  orCS,  draw  the 
Circle  A  FB,  and  lee  the  Angle  BCF,  be  e- 
qual  to  twice  the  Argument  of  the  Annual  Node 
found  as  before  J  and  the  Angle  BTF,  will  be 
the  fecond  jCquation  of  the  alcending  Node,  to 
be  added  whilft  the  Node  goes  from  the  Sun's 
Quadrature  to  thcSyzygy,and  fubtrafted  as  the 
Node  goes  from  the  Syzygy  to  the  Quadrature. 
And  fo  you  have  the  true  Place  of  the  Node  cf 
theMoon's  Oi  bit :  Whence  fromXables  conftni- 
ed  after  the  common  manner,  may  be  compu- 
ted the  Moon's  Latitude  and  the  ReJudioa  of 
the  Moon  front  its  Orbit  to  the  Ecliptic ,  fup- 
pofing  the  Inclination  of  the  Moons  Orbit  to 
the  Plane  of  the  Ecliptic  to  be  of  4°.  j9'.  3  y", 
when  the  Nodes  are  in  the  Sun's  Quadrature  j 
and  of  y".  17'  20".  when  they  are  in  the  Syzy- 
gies.  From  the  Longitude  and  Latitude  lately 
found,  and  the  given  Obliquity  of  the  Ecliptic 
of  2;".  29',  the  Moon's  Right  Afcenfion  and 
Declination  will  be  found. 

I  put  down  J7'.  50".  for  the  Parallax  of  the 

Moon  in  the  Syzygies,  when  it  is  in  its  mean 

Diftancs  from  the  Earth;  33'.  32".  32'".  for  the 

horary 
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horary  Motion;  and  ;i'.  ^o".  for  the  apparent 
Piamecer.  But  in  the  Moon  s  Quadratures  at  a 
mean  diftance  from  the  Earth,  I  make  the  ho- 
■  rizontal  Parallax  of  the  Moon  to  be  59'.  40". 
the  Horary  Motion  32'.  a",  z".  and  the  appa- 
rent Diameter  51'.  3".  The  mean  Diftance  of 
the  Moon's  Center  when  it  is  in  OAant  with 
the  Sun,is  diftant  from  the  Earth's  Center  about 
i6q-5-  Semi-diameters  of  the  Earth. 

I  fet  down  10"  for  the  Sun's  horizontal  Paral- 
lax  ;  and  52'.  i  j".  for  its  apparent  Diameter  in 
its  mean  diftance  from  the  Earth. 

The  Earth's  Atmofphere,  by  refraining  and 
diffipating  the  Sun's  Light,  cafts  a  Shadow  juft 
as  if  it  was  an  opake  Body,  as  far  as  the  height 
of  40  or  JO  Geographical  Miles :  (I  call  2  Geo- 
graphical Mile  the  60'''  part  of  a  Degree  of 
a  great  Circle  on  the  Earth's  Surf,4ce  :  )  This 
Shadow  in  an  Eclipfe  of  the  Moon  falling  upon 
the  Moon,  encreafes  the  Earth's  Shadow.  And 
Seconds  in  the  Moon's  Difc  anfwers  to  Miles  in 
the  Earth's  Atmofphere :  Therefore  the  Semi- 
diameter  of  the  Earth's  Shadow  projeSed  in  the 
Moon's  Difc,  is  to  be  encreas'd  of  about  yo  Se- 
conds, (or  what  comes  to  the  fame)  in  a  Lunar 
Eclipfe  the  horizontal  Parallax  is  to  be  aug- 
mented in  a  Ratio  of  about  70  to  69. 

Iffevera!  Places  of  the  Moon  nicely  obferv'd 
.  (chiefly  about  the  Quadratures)  be  compar'd 
with  the  Places  of  it  calculated  for  the  fame 
Time  in  the  Theory  above ;  it  will  appear  whe- 
ther or  no  there  are  any  fenfible  jEquarions 
wanting  to  make  it  more  pcrfefft:. 


I 
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Proposition  XXX. 

TO  determine  the  time  of  a  Mean  ConjunBiott  or 
Oppsfiiion  of  the  Sun  and  Moan  next  following 
""J  g'"^'^  Time. 

A  mean  Conjuinftion  is,when  the  mean  Place 
of  the  Sun  is  the  fams  with  the  mean  Place  of 
the  Moon  in  the  Ecliptic  :  And  a  me^n  Oppo- 
ficion  is  when  that  is  oppos'd  to  this  laft.  Look 
in  the  Tables  of  the  mean  Motion  of  the  Moon 
from  the  Sun,  the  mean  Diftance  of  the  Moon 
from  the  Sun  for  the  given  Time  ('reduc'd  to  a 
Mean)  which  if  it  be  none,  or  of  fix  Signs,  then 
there  will  be  either  a  mean  Conjuniftion,  or  a 
mean  Oppofuion ;  it  it  be  lefs,  note  the  defect, 
*  (or  the  Arc  which  the  Moon  will  run  thro'  in 
order  to  overtake  the  Sun  again  if  you  want  a 
mean  Conjundion,  or  in  order  to  be  fix  Signs 
diftant  from  it  ifyou  want  a  mean  Oppo(icion,J 
and  from  the  Table  of  the  mean  motion  of  the 
Moon  from  the  Sun,  in  Diiys,  Hours,  and  parrs 
of  Hours,  gather  the  Time  requifite  to  run  thro' 
that  Arc;  namely,  by  always  fubtrading  from 
Arc,  yet  to  be  run  thro'  the  nexr  leffc^r  Arc 
found  in  the  Table,  by  marking  the  Time  re- 
quired to  run  thro'  the  fubtraifted  Arc,  and  ga- 
rnering thofe  Times  into  one  Sum :  This  be- 
ing added  to  the  given  lime,  will  make  up  the 
Time  of  the  mean  Syzygy  rcquir'd. 

If  any  Times  on  each  fide  the  Syzvgies  be  re- 
quir'd,  to  the  afore  found  Time  muit  be  added 
theTimeot  one  whole  Revolution  of  the  Moon 
about  the  Sun  ;  and  you  will  find  the  Time  of 
the  next  mean  Syzygy.  And  chis  may  be  re- 
peated as  often  as  you  will,  and  fo  any  number. j 
of  Syzygics  may  be  found. 

Psa 
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POPOSITION   XXXI. 

To  dttcTmine  the  Time  cf  the  nvxt  true  Conjufi- 
ilim  or  Oppojition   of  the  Sun  and  Moon  for 
any  given  Time. 

A  true  Conjarnaion  of  the  Sun  and  Moon  hap-_ 
pens  when  the  Sun's  true  Place  is  the  fame  with' 
the  Moon's  true  Place  correifted  and  reduc'd  to 
the  Ecliptic  ;  and  a  true  OppolTtion  when 
that  is  oppos'd  to  this.  Having  found  (by  the 
foregoing)  the  Time  of  the  next  mean  Syzygy 
(which  need  not  be  exatftly  determin'd,  it  be- 
ing fufficient  nearly  to  do  it)  find  (  by  ?rof,  18. 
C  ;.  and  Trop.  28.  B.  4.)  the  true  agreeable 
Places  of  the  Sun  and  Moon,  which,  if  either 
they  fall  in  together  or  are  oppolke,  the  mein 
and  true  Syzygies  will  alfo  coincide  ;  but  if  they 
don't,  mark  the  diftance  of  the  Moon  from  the 
Sun,  namely,  that  by  which  the  Moon  either  has 
not  yet  reach'd  or  has  pafs'd  the  Sun  or  itsOp- 
pofition.  But  CO  find  out  the  fpace  of  Time,  in 
which  it  will  go  thro'  or  has  gone  thro'  fuch  an 
Arc,  you  mult  ufe  the  following  Method  :  Find 
out  the  Places  of  the  Sun  and  Moon  for  the 
hour  before  or  after  that  Point  of  Time  for 
which  you  already  have  them  ;  by  which  means 
you  will  have  the  Sun  and  Moon's  horary  mo- 
tions, and  confequently  their  Difference,  or 
the  horary  motion  of  the  Moon  from  the  Sun 
for  a  given  Time  ;  that  is,  the  fpace  of  Time 
{'VIZ,,  an  hour  J  requir'd  for  the  Moon  to  move 
from  the  Sun  thro'  a  known  Arc  in  the  manner 
before  found.  And  therefore,  fuppofing  the 
Sun  and  Moon  to  move  equably  in  that  fmall 
Time  that  the  true  Syzygy  may  be  diftant  from 
the  mean  Syzygy,  you  will  have  the  time  re- 
quir'd for  the  Moon  to  move  from  the  Sun  the 
lengrh 
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length  of  the  Arc  of  its  diftance  from  the  Sun 
I  at  the  time  of  the  mean  Syzygy.  That  Time 
added  to  the  Time  of  the  mean  Syzygy  if  the 
Xdoon  has  not  yet  reach'd  the  Sdn  or  its  oppo- 
site, or  taken  from  it  if  it  has  already  pas'd  it, 
will  give  the  requir'd  Time  of  the  true  Syzygy. 
If  the  greatcft  exatftnefs  be  defir'd  fas  is  done 
In  the  Ecliptical  Syzygies)  for  the  lately  found 
Time  of  the  true  Syzygies  find  again  the  Sun 
anil  Moon's  Places,  and  if  they  happen  to  be 
,  juft  together,  or  precifely  oppofife,  the  thing 
is  done ;  if  not,  let  that  time  be  again  corre- 
€tcd  as  before  ;  namely,  from  the  almoft  true 
Time  of  the  true  Syzygy  already  found,  find 
the  exaSly  true  Time  after  the  fame  manner  as 
you  found  the  almoft  true  Time,  from  the  be- 
fore found  Time  of  the  Mean  Syzygy, 

Thofe  that  make  Calculations  don't  cndej 
Vour  to  find  the  Horary  Motion  of  the  Moofl' 
from  the  Sun,  agreeable  to  the  mean  Syzygy, 
after  the  manner  that  we  hare  taught ;  but 
take  it  out  of  the  Tables,  where  the  horary 
Morions  of  the  Sun  and  Moon  are  fet  down 
according  to  the  Degiee  of  Anomaly  which 
they  refpedively  have  j  and  that  not  amifs  in 
the  Sun,  but  in  the  Moon,  which  is  fubje^  ro 
fo  many  Inequalities,  we  ought  to  proceed 
more  cautioufly :  But  a  farther Correftion  takei 
off  all  Error,  that  may  arife  from  hence.  Af- 
ter the  fame  manner,  the  Time  of  any  other 
Afpeds  of  the  Sun  and  Moon  may  ,be  do*. 
lermin'd. 
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Section   VII. 

Of  the  Moon's  Eclipfi, 

HAving  in  the  third  Book  fpoken  of  the 
Enrth's  true  motion  about  the  Sun,  to 
which  the  apparent  motion  of  the  Sun  about 
the  Earth  aniwers  in  all  things  ^  and  in  this 
Fourth  Book,  of  the  various  Motions  of  the 
Moon  feen  from  the  Earth;  and  treated  of  all 
thofe  things  which  appear  in  the  Heavens  upon 
the  account  of  the  Diurnal  Rotation  of  the 
Earth  about  its  own  Axis,  in  the  Second  Book; 
.  it  is  eafy,  from  what  has  been  before  laid  down, 
to  deduce  whatfoever  happens  to  the  Sun  and 
Moon.  But  becaufe  the  Eclipfet  of  the  Lumi- 
nariei  are  fome  of  the  moft  remarkable  Ap- 
pearances in  the  Heavens,  and  Aftronomy 
owes  a  great  deal  to  their  Contemplation 
and  Calcalaiion  and  to  the  finding  out  of  the 
Caufes  of  themj  after  the  manner  of  ochen 
we  will  treat  of  them  by  themfelves,  efpecially 
fince  here  occur  feveral  Speculations  worthy  to 
be  fully  difcufs'd.  To  which  end  we  muft  lay 
down  fome  Lemma's  for  each  of  the  Eclipfes 
concerning  the  apparent  Semidiameters  of 
the  Luminaries,  the  Shadows  of  the  Earth 
and  Moon,  &c.  which  are  commonly  call'd  the 
diagram  of  Hipparchus, hscRnkhy  the  comparifon 
of  them  (which  is  eafy  in  a  Diagram^  Hipparchui 
attempted  to  define  theMagnitudes  and  Diftances 
of  the  Luminaries;  as  it  was  before  done  by 
Jrifierchns,  in  the  Book  of  the  Magnitudes  and 
'    Difiancss  of^  tbt  Sun  and  Moon,  and  afterwards 

by 
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by  Ttolemyy  in  the  lyth  and   i6th  Chapters  of 
the  Fifib  Book  of  thereat  ConfiruSion. 

Proposition  XXXII. 

TO  find  the  Sun  and  Moons  of  parent  Semidia* 
meters  agreeable  to  a  liven  Time* 

Let  the  Sun  and  Moon  s  apparent  Semidiame- 
tprs  be  obferv'd  at  any  Time;  and  fince,  firotl^ 
the  Theories  of  the  Sun  and  Moon  above  given, 
their  Diftances  from  the  Earthy  either  at  the 
Time  of  Obfervation,  or  at  any  other  Time, 
are  given  ;  their  apparent  Semidiameters  will 
be  aTfo  given :  For  the  apparent  Semidiameters 
of  a  Spherical  Body  are  reciprocally  as  its 
Diftances  from  the  Eye. 

Aftronomers  make  Tables  of  the  Sun  and 
Moon's  apparent  Semidiameters,  for  every  E)e- 
gree  (or  every  fifth  Degree^  of  a  Lumiruiry*s 
mean  Anomaly.  And  moreover,  as  the  Semi? 
diameter  of  a  Sphere,  in  the  fame  Diftants^ 
from  the  Center  of  the  Earthy  is  greater  as  fc* 
is  nearer  the  Zenith,  becaufe  it  is  nearer  to  the 
Spedator ;  and  the  Difference  of  it  in  tKe 
Horizon  and  in  the  Zenith  be  fenfible  in  th^ 
Moon,  but  not  in  the  Sun : .  Therefore  dicy 
alfo  make  Tables  of  the  ^encreafe  of  tfao 
Moon's  apparent  Semtdiameter  for  everjr  (dr 
every  fifth  )  Degree  of  the  Elevation 
Moon  above  the  Horizon. 
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pROPOSltlON    XXXIII. 

I  Fan  opake  Sphere  be  exfoid  to  a  lucid  crte,  tht 
whole  or  full  Shadow  {that  is f.  tht  [face  of  the 
ambient  Medium  to  which  no  Rny  of  the  lucid  Sphere 
can  come  at)  will  be  cjfi  towards  the  parti  oppojire  ta 
the  lueid  Sphere  included  in  the  Superficies  of  a  Right 
Conef  whofe  Axis  is  a  Right  line  joining  the  Ctnteri 
of  the  Spheres,  whofa  Bafe  is  rf  Circle  in  the  opake 
Sphere,  dividing  its  enlighten' d  from  its  darken  d 
part :  And  the  vertical  Angle  of  the  Triangle  thro 
the  Axis  is  nearly  ejual  to  the  difference  of  the  Anglei 
under  which  the  lucid  Sphere  is  feen  from  the  Center 
of  the  opake  one,  and  the  opake  one  from  the  Center  of 
the  lucid  om.  And  if  tht  Cone  of  Shadow  he  cut  anj 
how  b)  a  VLme  parallel  to  the  Plane  of  the  Bafe,  the 
Diameter  of  the  Circle  of  Shadow  fo  generated  e? 
made  will  appear  from  the  Center  of  the  opake  Sphtret 
under  an  Angle  nearly  e^ual  to  the  Interval  of  two 
Angles  j  one  of  which  is  the  aggregate  of  the  Anglei 
under  which  the  opake  Sphere  is  feen  Under  from  the 
Center  of  the  lucid  Sphere,  and  from  the  Circle  of 
Shadow  i  and  the  ether,  the  Angle  under  which  tbi 
lucid  Sphere  is  feen  from  the  Center  of  the  opake  one* 

Img.  28.] 

I      Let  there  be  two  Spheres,  whofe  Centers  are  A 

\  and  Bj  one  of  which  is  lucid  and  the  other  opake  j 

I  draw  the  Right  line  A  B,  thro'  which  a  Plane  13 

I  to  pafs,  whofe  common  Sefti  ons  with  the  Spheres 

lare  the  Circles  D  F,  £G  ;  drawDE,  FG  Tan* 

Igencs.to  the  two  Circles  on  the  fame  fide,  at 

"the  Points  Dand  E,  Fand  G,  and  let  them  ba 

produc'd  till  they  meet  at  C,  with  A  B  alfo  pro- 

duc'd.     It  is  plain  that  the  whole  or  full  Sha* 

dow,whicheitherofcheSpheres,fuppo5'd  opake, 

being  enlighcned  by  the  lucid  one,  cafts,  is  con* 

(ain'a  under  a  Conic  Surface  defcrib'd  by  the 

H  h  h  Ro- 
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Rotation  of  the  Right  line  DC  about  theA.x 
y  B ;  that  is,  by  the  Surface  of  a  Right  Cone~3 
whofe  Axis  is  the  Right  line  ySBC  and  Bafe,  a 
Circle  whofe  Diameter  is  the  Right  line  DF  or 
EG.  To  the  Conic  Surface  I  add  a  Cylindric 
one  made  when  the  Spheres  happen  to  be  equal. 
From  A  draw  Right  Lines  touching  the  Cir- 
cle G  E  in  H  and  /,  and  let  W  f/  be  produc'd 
rill  it  meets  with  C  D  at  ^,  and  from  B  draw 
Tangents  to  the  Circle  D  i-'  in  L  and  M.  By 
ProjP.ji.E/.i.thcArglc^CD  is  equal  to  JKD, 
taking  away  K/iB:  But  (  by  reafon  of  the 
great  diftance  of  the  Spheres  that  we  fuppofe^ 
the  Angle  AKDis  nearly  equal  to  A  HL  ;  and 
therefore  ACD  is  equal  to  A  R  L,  taking  away  ' 
KAB.  And  taking  the  Double  of  them,  the  ' 
Angle  FC  D  is  equal  to  the  Angle  MBL^  tak- 
ing away  the  Angle  I A  H. 

Let  us  fuppofe  either  of  the  Spheres,  as  for 
Example,  E  G,  to  be  opake,  and  let  the  Cone 
of  Shadow  ECGy  be  cut  any  how  by  a  Plane 
parallel  to  the  Plane  of  the  Bafe,  and  the  SeiSi- 
on  will  (by  Prof.  4.  of  B.  1 .  £/.  Conk.)  be  a  Clr-    I 
cle,  whofe  Diameter  NO  is  parallel  to  the  Right  j 
line  D  F,  or  EG,  and  whofe  Center  P  is  in  tha  ' 
Axis  of  the  Cone  ;  from  which  draw  p^,  PR 
Tangents  to  the  Circle  EG,  and  join  the  Right 
.    lines  BO,  B  N.     By  Vrof.  52.  El.  i.  the  Angle 
TBN  is  equal  to  BNE,  having  taken  away 
BC  N:  Bur  (if  B  W  be  almoft  equal  to  S  P  which 
T  fuppofe)  BNE  is  nearly  equal  to  B  F^,  and 
it  has  lately  been  fliewn,  that  BCN  \s  equal  to 
ABL,  taking  away  Sv^f/;  and  therefore  BPN 
is  equal  to  the  aggregate  of  the  Angles  BP^ 
and  BAH,  taking  away  the  Angle  AB L.     And 
taking  the  double  of  them,  the  Angle  OBN 
»   equal    to   the   aggregate  of    the  Angks 
^PS, 
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^PR,    HAIj  taking  away  the  Anglo  LBM> 

If  EG  be  fuppos'd  a  lucid  Sphere,  and  DF 
an  opake  one,  the  fame  things  would  hold  good, 
if  0  W  and  all  the  other  Lines  depending  upon 
ii  be  drawn  on  the  other  fids  of  che  Sphere  DFj 
in  refpeft  of  B. 

SCHOLIUM. 

If  the  Sphere  D  F  reprefents  the  Sun  j  SG 
the  Earth,  reckoning  as  pare  of  it,  whatever 
being  circumfus'd  about  it  hinders  the  paflage 
of  the  Rays,;  ECG  the  Shadow  of  the  Earth; 
and  NPO  part  of  the  Moon's  Orbit:  The 
Angle  ^BL  will  be  the  Sun's  apparent  Se- 
midiameter,  feen  from  the  Center  of  the  Earth  j 
BAH  the  Sun's  horizonral  Parallax:  BP^ 
the  Moon's  horizontal  Parallax  at  the  Di- 
ftance  BP  ;  therefore  BCE  the  Vertical  Semi- 
angle  of  the  Cone  of  Shadow  is  equal  to  the 
difference  of  the  apj^arenc  Semidiameter  and 
the  Sun's  horizontal  Parallax;  and  PBJVtha 
apparent  Semidiameter  of  the  Earth's  Shadow, 
(thro'  which  che  Moon  is  to  pafs)  feen  from  the 
Center  of  the  Earth,  equal  to  the  Sum  of  tha 
horizontal  Parallaxes  of  the  Sun  and  Moon, 
when  the  Sun's  apparent  Semidiameter  is  taken 
from  ic.  And  therefore,  three  of  thefe  four 
being  given,  the  fourth  will  alfo  be  known  j 
As  JOT  Example,  the  Sun's  Parallax,  and  con- 
fequently  (  by  Prop.  46.  B.  2.)  its  diftance  will 
from  hence  be  known:  For  the  difference  of 
die  Moon's  horizontal  Parallax  and  the  Sun'9 
Semidiameter,  byObfervation  of  che  Notes,  be- 
ing fubrraded  from  the  Note  (  by  Obfervation 
01  the  Moon's  Eclipfe)  of  the  Earth's  Shadow, 
lesves  the  Sun's  Parallax  for  the  diftance  of  the 
-tAooa.  known  by  the  apparent  Semidiameter. 
H  h  h  a  Bfti 
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Ent  if  £>  F  be  the  Sun,  E  G  the  Moon,  an3 
NPO  part  of  the  Difc  of  the  Earth  (ch«  is,  of 
'the  Plane  of  a  great  Circle  of  the  Earth,  to 
which  a  Right  line  joining  the  Centers  of  the 
Sun  and  Earth  is  perpendicnlar)  in  which  the 
Shadow  falls;  the  Semidiameter  of  the  Sha» 
dow  is  from  B,  the  Center  of  the  Moon,  feen 
under  the  Angle  J'SJV  equal  to  the  Sum  of  the 
apparent  Semidiameters  of  the  Moon  feen  from 

'  the  Centers  of  the  Sun  and  Earth,  fubtrading 
the  Sun's  apparent  Semidiameter  feen  from  the 
Moon's  Center.  And  becaufe,  by  reafon  of* 
the  immenfe  diftance  of  the  Sun  from  the  Earth, 
in  refped  of  the  diftance  between  the  Moon 

■  and  the  Earth,  the  Sun's  Diameter  feen  from 
the  Moon  appears  almoft  under  the  Time  Angle 
as  when  feen  from  the  Earth,  and  the  Moon's 
Semidiameter  feen  from  the  Sun  is  to  be  look'd 
upon  as  of  no  magnitude,  as  being  almoft  fub- 
quadruple  of  the  Sun's 4iorizontaI  Parallax; 
the  Semidiameter  of  the  Moon's  Shadow,  re- 
ceiv'd  upon  the  Difc  of  the  Earth,  is  feen  from 
the  Center  of  the  Moon,  under  an  Angle  al- 
moft equal  to  the  diiFerence  of  the  Angles,  un- 
der which  the  Semidiameters  of  the  Sun  and 
Moon  appear  from  the  Center  of  the  Earth. 

But  if  the  Semidiameter  of  the  Sun,  (een 
from  the  Earth,  be  greater  than  the  Semidia- 
meter of  the  Moon  feen  from  it,  the  apparent 
Semidiameter  of  the  Shadow  (  llnce  it  is  equal 
to  the  leaft,  after  the  greateft  is  taken  away^ 

'  becomes  negative;  chat  is,  after  the  Shadow  is 
terminated  and  ended  in' the  Vertex  of  the 
Cone,  the  little  Circle,  made  by  the  Section  of 
a  Cone,  whofeVertex  is  plac'd  againft  the  Ver- 
tex of  the  Cone  of  Shadow,  is  feen  from  th» 
Moon,  under  an  Angle  equal  to  the  difFerence 

of 
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of  the  Angles,  under  which  the  Sun  and  Moon 
t  are  feep  from  the  Center  of  the  Earth.  Bur  this 
|L  little  Circle  is  inftead  of  a  Circle  of  Shadow, 
for  it  is  the  moft  obfcure  part  of  the  Circle  of 
Tenumbra,  and  (Jiite  a  full  Shadow)  equally  dark; 
namely,  whole  Points,  one  by  one,  become  en- 
lighten'd  as  the  Difc  of  the  Sun  exceeds  that  of 
the  Moon  from  the  apparent  Earth  :  For  all  the 
foregoing  things  are  true  of  the  Right  line  ON 
drawn  beyond  C. 

Proposition  XXXIV. 

TF  an  opake  Sphere  be  exfes'd  to  a  lucid  one^  beJiJei 
the  total  or  full  Shadow,  there  will  be  a  Penum- 
bra (that  h,  a  [pace  of  the  ambient  Medi»My  from 
all  whofe  Voints  fame  Rajs  are  kept  ojf  by  the  opake 
Sphere)  towards  the  Tarn  titrn'dfrom  the  lucid  Sphere, 
included  by  the  furfaci  of  a  Right  Cone)  wbofe  Axis 
is  the  fame  with  the  Axis  of  the  fall  Shadow,  and  the 
Vertical  Angle  of  the  Triangle  thro'  the  Axis  Is  equal 
to  the  fum  of  the  Angles  under  which  the  lucid  Sphere 
is  femfrom  the  Center  of  the  epaie  one,  and  the  opake 
^from  the  Centtrofthe  lucid  one*  And  ifthispmum- 
hrous  Cone  be  cut  eny  how  by  a  YUne  paralltl  to  the 
Tlane  of  the  Bafe,the  Diameter  of  the  penumbrous  Cir~ 
sh  fogenerated(taking  in  thefmaS  Circle  offuUSbadow 
at  its  Center,  if  there  be  any  fuch)  feen  from  the  Cm~ 
tsr  of  the  opake  Sphere^  appears  under  an  Angle  e^ual 
to  tile  aggregate  of  three  Angles;  namely,  tbofe  Two 
finder  which  the  opake  Sphere  is  femfrom  the  Center 
tfthe  lucid  one,  and  from  the  Centtrofthe  penum- 
krotis  Circle,  and  the  Third  under  which  the  lucid 
'Sphere  is  feen  front  the  Center  of  the  opake  one.  (^g. 

Things  remaining  as  in  the  foregoing  Prop. 
draw  the  Right  lines  D£,  FG,  touching  the 
Circles  on  the  alternate  fides,  and  crolTmg  each 
Hhh  3  other 
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ethM  in  the  Point  C  of  the  Right  line  . 
appears,  that  beddes  the  whole  Shadow,  thef^ 
{s  alfo  projetSed  about  it  a  Penumbra  on  the  fide 
turn'd  from  the  lucid  Sphere,  becaufe  all  the 
fpace  contain'd  under  the  Conic  furface,  gene- 
rated by  the  Right  line  D  E,  produc'd  beyond 
the  opake  Sphere,  and  turn'd  round  the  Axi$ 
A  By  is  fuch,  that  from  any  Point  of  ic  fome 
Rays  of  the  lucid  Sphere  are  kept  off  by  the 
interpoliiion  of  the  opake  one,  and  therefore  ir 
is  not  fo  much  enlighten'd  as  the  Parts  round 
about  this  Conic  Space,  from  which  no  Rays 
are  kept  off.  And  thofe  parts  of  this  Space 
which  are  neareft  to  the  full  Shadow,  fname- 
ly,  thofe  about  its  middle,  from  which  all 
the  Rays  of  the  lucid  Sphere  are  kept  off  J 
are  more  obfcure  than  thofe  which  are  more 
remote  ;  as  being  enlighten'd  by  Rays  flowing 
from  a  lefs  pare  of  the  lucid  Sphere  ;  And  the 
Surface  that  circumfcribes  the  Penumbra,  is  that 
of  a  Right  Cone,  whofe  Axis  is  the  Right  line 
ABf  extended  beyond  the  opake  Sphere,  and 
Bafe,  a  Circle  defcrib'd  on  the  Diameter  1)0, 
or  EG. 

After  the  fame  manner  as  before,  draw  from 
A  Right  lines  touching  the  Circle  G  E  in  H 
and  /,  of  which  J  H  may  meet  with  D  E  pro- 
duc'd at  K  :  And  from  B  let  Right  lines  be 
drawn  touching  the  Circle  DF'm  Land  M 
^y  ?rof.  32.  EUm.  1.  the  Angle  y^ CD  is  equal 
to  ^  X  D  and  BAK  together  ;  but  A  K  D  ii 
nearly  equal  to  ABL]  and  therefore  ACD  is 
equal  %o  AB  L  and  BAH  together.  And  taking 
the  double  of  them,  the  Angle  FC  D  is  equal 
to  the  Angles  MBL  and  I A  H  taken  toge- 
ther. 

Let 
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Let  us  fuppofe  either  of  the  Spheres,  as  for 
Example,  E  G  to  be  opake,  and  let  the  penum- 
brous  Cone  be  cut  by  a  Plane  parallel  to  the 
Plane  of  the  Bafe,  and  the  Seftion  will  be  a 
Circle,  whofe  Diameter  NO  is  parallel  to  the 
Right  line  DF or  EG,  and  whofe  Center  P  is 
in  the  Axis  of  the  Cone  ;  from  which,  let  P  ^, 
PR  be  drawn  touching  the  Circle  £G,  and  let 
the  Right  lines  B  O,  B  N  ke  drawn.  By  Pro;!. 
;2.  Elem.  I.  the  Angle  P  B  Nis  equal  to  fi  NC 
and  BCN  together  ;  But  (if  B  JV  be  almoft  e- 
qual  to  BF,  which  I  fuppofe)  B  NC  is  almoft 
.  equal  to  fi  P  ^  and  it  has  been  lately  (hewn, 
thatfiCiVis  equal  to  ^BL  and  BAH  toge- 
ther j  and  therefore  P  fl  N  is  equal  to  the  ag- 
gregate of  the  three  Angles,  SPj^,  BAH  and 
AB  L.  And  taking  the  double  of  them,  the 
Angle  OB  N  is  equal  to  the  aggregate  of  the 
(hree  Angles,  jS^P  K,  HA  /,  and  LBM, 

SC  HO  L  I  U  M. 

If  the  Sphere  D  F  reprefents  the  Sun,  E  G 
the  Earth,  and  N"  P  O  part  of  the  Lunar  Orbit ; 
the  Scmidiameter  of  the  Penumbra  fcen  from 
the  Center  of  the  Earth,  is  equal  to  the  fum  of 
the  Horizontal  Parallaxes  of  the  Sun  and  Moon, 
and  the  Sun's  apparent  Scmidiameter. 

But  if  the  Sphere  D  F  reprefents  the  Sun,  £  G 
the  Moon,  JVPO  that  pare  of  theDifc  of  the 
Earth  In  which  the  Penumbra  falls  j  the  Semi- 
diamerer  of  the  Penumbra  feen  from  the  Cen- 
ter of  the  Moon,  appears  under  an  Angle  equal 
to  the  aggregate  of  the  apparenc  Semidiameters 
of  the  Moon,  feen  from  the  Centers  of  the 
Earth  and  Sun,  and  the  apparent  Semidlametei^ 
of  the  Sun  feen  from  the  Center  of  the  Moon  ; 
and  therefore  iioi  the  ReaCons  alledg'd  in  the 
H  h  h  4  Schoh 
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Scbol  of  the  foregoing)  under  an  Angle  nearly 
equal  to  the  aggregate  of  the  Semidiaineters  ^of 
the  Luminarie^^  feen  from  the  Center  of  the 
(he  Eartht 

Proposition  XXXV. 

TO  determine  whether  a  FulUMom  to  come^  iviM 
he  EcUftical  i  and  if  there  wiUhe  an  Eclipfe^ 
to  define  its  Sfecies ;  that  isy  Jbevj  whether  it  wiB  he 
fartial  or  Total  j  i^hetber  it  be  GUm  mord  or  fine 
morS  I  that  isy  whether  the  Moon  makts  any  fiay  in 
the  EartVs  Shadow y  or  not.  (Fig.  30.  J| 

By  Trop.  ;i.  find  the  time  of  thd'true  Full* 
Moon  upon  a  given  -Month,  for  whioh^  (hy 
Frop.Ji.  B  2.)  find  the  Sun's  Place,  and  jTou  will 
Confequently  have  the  Point  oppoHte  to  it :  Let 
it  be  exprefs'd  by  O,  (Fig.  ;o.)  where  C  S^  re- 
prefents  the  Ecliptic.    Find  the  Places  of  the 
Moon's  Nodes  for  the  fame  Time,  (of  which  let 
ft  be  neareft  to  the  Point  O)  and  alfo  the  In- 
clination of  the  Moon's  Orbit  to  the  Ecliptic. 
Let  /the  Circle  of  Latitude  O  ?  meeting  th? 
Moon's  Orbit  ft  P  in  the  Point  P,  where  the 
Moon  is  at  the  time  of  the  tr lie  Full-Moon,  be  • 
iiippos'd  to  be  drawn,    {nthe  Heaven  of  the 
Moon  the  circle  of  Shadow  exprefs'd  by  If  G^ 
is  conftantly  about  the  Center  O,  being  a  Circle 
inade  by  the  Sedion  of  the  Conic  Shadbvlr  of  thp 
Earth,  by  a  Pofition  bf  the  faid  Heaven  p^raU 
lei  to  the  Bafe  tDf   tbr  Gone,   which  if  '  the 
Moon  Af  if,  does  in  part,  of  wholly  enter,  there 
will  be  aA';Eclipfe;*otherwife  none.    But  the 
Moon  comes  neareft  of  all  to  O,  and  therefore, 
if  it  is  immers'd  in  the  Shadow,  it  is  moft  6f  all 
g^mmers'd,  when  its  Gehter  is  inthePfaiht  £, 
which  thi  Arc  of  the  great  Circle  G  £,  perpen- 
dicular fC|  the  Mqon'f  Way,  Uiews.'Fop  rh* 

^    '  '  '  Point 
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t  comes  neareft  to  O  than  any  other 
le  Way  of  the  Moon.    But  it  is  plain,  that 
if  the  Arc  0  L  exceeds  O  R  and  L  M,  the  Semi- 
diameters  of  the  Shadow  and  of  the  Moon  to- 
gether, (as  in  the  ift  Fig.  50.  )  the  Moon  will 
go  on  it  its  Way  a  F,  quite  clear  of  the  Shadow. 
'If  OZ,  be  equal  to  the  fum  of  the  faidSemidiame- 
ter,  the  Moon  will  indeed  touch  the  Shadow,buc 
neither  enterit  nor  beEcHpfed.  If  the  Arc  OL  be 
lefs  than  the  aggregate  of  the  Semidiameters  of 
the  Moon  and  the  Shadow,  and  yet  greater 
than  their  Interval,  ^as  in  the  2d jf^.  50.)  the 
Moon  will  be  Eclipfed ;  but  the  Eclipfe  will 
not  be  Total,  but  Partial  of  fo  many  Digits  as 
there  are  iz'^  Parts  of  the  Diameter  of  the 
Moon's  Difc  immers'd  in  the  Shadow.    But  if 
the  forefaid  Arc  O  L,  be  equal  to  the  faid  In- 
terval of  the  faid  Semidiameter,  there  will  in- 
deed be  a  Total  Eclipfe,  but  ons  Jinc  mora :  For 
as  foon  as  the  whole  Moon  is  immers'd  into 
the  Shadow,   the  Moon's  Difc  touching  the 
Circle  of  Shadow   within,    will  immediarely 
begin  to  emerge  as  the  Moon  goes  ever  fo  little 
forward.     But  if  the  Arc  OL  be  lefs  than  the 
forefaid  Semidiameter  of  the  fhadow  and  inter- 
val of  the  Moon,  then  the  whole  Moon  will  be 
immers'd  into  the  Shadow,fome  part  of  the  Sha- 
dow being  extended  beyond  theMoon,(asinthe 
5dj%.  ;o.)  whence  the  Moons  Eclipfe  will  not 
only  be  Total,  but  lait  fome  time  ;  that  is,  will 
be  Total  cum  mora,  and  that  more  or  lefs,  ac- 
cording to  the  Quantity  of  the  Arc  OL,  the 
thicknefs  of  the  Shadow  and  Velocity  of  the 
Moon. 

Now  the  way  to  find  the  quantity  of  the  Arc 
O  £.,  is  as  follows  j  In  the  fpherical  Triangle 
^OP  (_%:  ji.)  Redangtilar  at  0,0,0,  the  di- 
flance 


^ 
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fiance  of  the  Node  from  the  Point  oppofite 
the  Sun,  and  the  Angle  at  fii  of  the  Inclination' 
of  the  Moon's  Track  to  the  Ecliptic  at  the  time 
of  ConjuniSion  are  given,  from  which  may  be 
found  the  Angle  at  P,  and  the  Side  O  P.  Again, 
in  the  Triangle  POL,  belides  the  Right  Angle 
at  L,  you  have  given  the  lately  found  Side  and 
Angle,  from  which  may  be  difcover'd  O  L  and 
P  L.    But  you  may  readily  find  out  O  L  from 

t'the  Tables  of  the  Moon's  Latitude,  by  taking 
it  equal  to  the  Latitude  for  the  Argument  of  thg 
Latitude  equal  to  iiO  :  For  if  you  fuppofe  iio 
equal  to  9.  f>,ic  is  plain,  th.it  the  Arc  •  a  perpen- 
dicular to  the  Ecliptic,  is  equal  to  the  Arc  O  Lj 
for  in  the  Triangle  OLQ,,  •'^^ ,  having  a  com- 
mon Angle  at  ft  all  things  are  equal.  Moreover, 
for  the  Time  of  the  Full- Moon  before  found,the 

>  apparent  Semidiameter  is  (by  Trop.  32.)  given^ 
and  fby  Schol.  Prop.  5;.)  the  apparent  Semidia- 
nieter  of  the  fliadow  of  the  Earth,  where  thi 
Moon  goes  thro'  it ;  and  therefore  the  Sum 

"-  Difference  of  the  Semidiameters  of  the  Shadoi 
and  of  the  Moon,  may  be  compar'd  with  tl 
before-found  Arc  O  L,  and  from  it  find  out 

'  what  kind  the  Moon's  Eclipfeiwill  be,  accon 

'  ing  to  what  has  been  above  demonflrated 

Commonly  by  the  Iliadow  of  the  Earth,  the 
total  (hadow  is  only    meant  ^    for  that  alone 

■  takes  away  all  the  Light  of  the  Moon,  becaofe 
BO  rays  of  the  Sun  can  come  at  it;  Neither 
does  the  Moon  appear  to  us.  Inhabitants  of  the 
Earth,  to  be  Eclips'd,  unlefs  that  happens.  But 
the  Moon  does  truly  begin  to  be  Eclips'd  as 
foon  as  it  enters  into  the  Earth's  Penumbra,  be- 
caufs  in  that  cafe  it  is  lefs  enlighten'd,  the  opake 

-  Earth  intercepting  feveral  of  the  Sun's  Rays. 

f  put  the  eife^  of  the  Earth's  Penumbra  itfelf 
upon- 


ia- 
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'  upon  the  Mootij  are  manifeft  to  us  Inhabitants 
of  the  Earth.  Hence  ic  happens,  that  when 
the  Moon  is  about  to  be  Eclips'd,  it  firft  grows 
dull  and  pale,  efpecialiy  in  chat  part  of  ic  which 
is  near  the  Shadow.  For  (as  ic  has  been  ex- 
plain'd  in  the  i8th  Prop.  B  i.)  before  the  whole 
Sun  be  cover'd  from  any  part  of  the  Moon;  that 
is,before  the  Moon  comes  to  the  whole  Shadow, 
part  of  the  Sun  is  intercepted  from  ic  by  the 
Earth,  and  the  greater  part  of  the  Sun,  by  its 
limb,  which  is  the  neareft  to  the  total  Shadow  .- 
But  the  whole  Sun  does  illuminate  the  Moon 

'  more  clearly  than  part  of  it,  and  the  greater 
part  of  it  more  than  the  lefler.  If  therefore  we 
fpeak  of  fuch  an  EcUpfe  of  the  Moon,  inftead 
of  the  whole  ftiadow  of  the  Earth  ( of  which  a- 
lone  we  fpoke  above)  you  muft  take  the  Pe- 
numbra, whofe  Semidiameters  will  be  found  by 
Sdol.  Prop.  34. 

^  CORO  L  L  ART. 

Hence  will  the  Moon's  Ecliptic  Terms  (as  they 
call  'em)  be  defin'd.  For  if  O  L  be  lefs  than  the 
fum  of  the  Semidiameters  of  the  Shadow  and  of 
the  Moon,  there  will  at  leaft  be  fomeEclipfe. 
Therefore  in  theTriangle  &,  LO,  having  befides 
the  Right  Angle  at  i,  the  Angle  Lsi  O,  and  the 
Side  OL  equal  to  the  faid  fum  of  the  Semidia- 
meters, the  fide  fi  0  will  be  found,  namely  the 
diftance  of  the  Moon  from  the  Node  reckon'd 
in  the  Ecliptic  ;  which  if  it  be  fuch,  at  the  time 
of  the  true  Full-Moon,  the  Moon  will  pafs  by 
the  Shadow  without  any  decreafe  of  its  Light ; 
\  But  if  at  the  moment  of  the  faid  Full-moon  the 
*  Moon's  diftance  from  the  Node  be  lefs  than  the 
above-found*  Arc  fiO;  the  Moon  will  fuffer 
ibme  Eclipfe  ;  But  by  reafon  of  the  fmallnefs  of 
the 
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the  Angle  at  a  and  of  the  fides  of  the  Triangle 
OOP,  OP  differs  very  little  from  OL,  and 
therefore  the  Ecliptical  Terms  may  fafely  e-* 
nough  be  plac'd  in  it,  when  at  the  time  of  the 
true  Full-Moon,  the  Latitude  is  equal  to  the 
fum  of  the  Semidiameters  of  the  Moon  and  of 
the  Shadow. 

Lemma. 

Jf  there  he  given  in  the  Surface  of  a  Sfheve^  B  C^ 
D  E,  Arcs  of  great  Circles,  which  in  given  Angles, 
fani  upon  A  B  D,  which  is  alfo  a  great  Circle,  and 
alfo  the  Arc  B  D,  to  find  the  Angle  A,  which  a 
great  Circle  drawn  thro  C  and  E,  comprehends  with 

BD.  (fig.  ?2.; 

Let  the  great  Circles  BE,  CD,  be  drawn. 
In  the  Triangle  C  JS  D,  the  fidesC  5,  B  D,  toge- 
ther with  the  Angle  C  B  D,  which  they  contain, 
being  given,  you  have  alio  the  fide  C  £>,  and 
the  Angle  CDB:  But  the  Angle  B  D  £  is  gi vei% 
therefore  C  D  E  will  alfo  be  known.  More- 
over, in  the  Triangle  CDE,  the  fides  CD,  DE, 
and  the  Angle  C  D  E  being  given,  the  Angle 
CED  will  alfo  be  known.  Laftly,  if  in  theTri* 
angle  y^DE,  the  Angles -4  D  £  and  AED  to- 
gether with  the  fide  D  £  te  known,  the  Angle^ 
A  will  be  found.  . . 


Pro- 
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Proposition     XXXVI. 

THE  Inclination  of  the  Moon's  Orbit  to  the  Ecli^ 
pic,  and  the  Horary  Motion  of  the  Sun  and 
Jl'loon  heiaggiven,  to  find  the  IrscUnatlon  of  the  Moons 
Way  from  the  Stat  to  the  Ecliptic^  or  to  the  Circle  of 
Latitfcdt,  agreeable  to  a  given  difiance  of  the  Moon 
from  the  Node.     [Fig.  35.] 

It  has  been  fhewn,  in  the  foregoing  Propofi- 
tion,  how  the  Inclination  of  the  Moon's  abfo- 
lute  Way,  or  of  its  Orbit  to  the  Ecliptic  may  be 
found  for  a  given  Time.  But  for  calculating 
the  Eclipfes  of  the  Luminaries,  you  muft  kno\w 
how  the  Moon's  Way  from  the  Sun,  or  from  a 
Point  oppofite  to  it,  is  at  that  time  inclin'd  to 
the  Ecliptic ;  and  the  motion  of  the  Moon  from 
the  Sun  is  to  be  confider'd  as  if  the  Sun  flood 
unmov'd,  or  rather  as  if  the  Sun,  after  having 
mov'd  a  little  way,  Jhou'd  be  drawn  back  to  its 
old  Place,  and  the  Moon  alfo  as  much  in  lines 
parallel  to  each  other.  In  fuch  a  cafe  it  ap- 
pears, that  the  Way  which  the  Moon  going  from 
the  Sun  Renters  into  in  the  forementioned  fenfe, 
is  different  from  the  Moon's  abfolute  Way, 
and  differently  inclin'd  to  the  Ecliptic. 

In  order  to  find  this  Inclination,  let  SC  rc-i 
prefent  the  Ecliptic,  LB  the  Moon's  abfolute 
Way,  a  the  Node.  Let  S  be  the  Sun,  or  any 
other  point  of  the  Ecliptic,  having  a  given 
diftance  from  the  Sun,  L  the  Moon's  Place, 
and  its  Latitude  L-^.  In  a  fmall  part  of  Time 
(as  for  Example,  an  hour  or  two)  let  the  Sun 
te  fuppos'd  to  have  mov'd  from  5  to  a-,  and  the 
Moon  from  L  to  a.  Now  fuppofe  that  the  Sun 
'be  drawn  back  from  0-  to  S,  and  the  Moon  be 
as  much  drawn  back,  -viz.  from  L  to  a,  along 
th«  Right  line  ^,1,  equal  and  parallel  to  a-  S; 
draw 
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draw  the  Arc  Ll,  which  will  be  the  Way  whli 
the  Moon,  mov'd  from  the  Sun,  goes  thro', 
tho'  its  abfolute  Way  be  the  Circle  L  B.  To  de- 
termine that  Way  £,/,  there  are  given  LA  the 
Latitude  of  the  Point  L  given  in  the  Moon's 
(rue  Way,  and  l/i  the  Latitude  of  the  Point  /, 
which  is  the  fame  as  \  a,  the  Latitude  of  the 
Point  ^,  alfo  given  in  L  B,  the  true  and  abfolute 
Way  of  the  Moon ;  becaufe  its  Diftance  \  L, 
from  the  given  Point  L,  is  given;  namely,  the 
Way  of  the  Moon,  gone  thro'  in  a  given  Time  j 
for  A  a,  the  difference  of  Longitude  is  given, 
namely,  the  Excefj  of  the  given  v^*  above  n* 
or  5ff;  and  therefore  (by  the  foregoing  Lemma; 
you  will  have  given  the  Angle  between  L  /,  the 
Moon's  Way  from  the  Sun,  and  the  Ecliptic  ; 
and  the  Angle  Lla^  comprehended  betwei  ~ 
the  faid  Way  and  the  Circle  of  Latitude, 


)1flP 


COR  O  L  L  A^r. 

By  how  much  iefs  the  motion  of  the  M* 
from  the  Sun  is,  by  fo  much(c<cfer;j  paribus) 
Angle  between  the  Ecliptic  and  IL  isgreaterj 
for,  a/ remaining  the  fame,  it  is  plain  that  by  how 
much  L  A  is  i^.i's,  by  fo  much  the  Angle  ^  Ll  is 
greater :  And  by  how  much  the  Point  L  a 
nearer  to  the  Node,  by  fo  much  (ceteris  paribus') 
will  the  Angle  between  IL  and  the  Ecliptic  be 
greater  j  for  by  how  much  L  is  nearer  to  SJ ,  by 
lo  much  will  A  L,  a.  little  part,  confider'd  as  a 
Right  line,  contain  a  greater  Angle  with  Si  C, 
and  therefore  it  will  hold  much  more  in //,:  But 
the  Angle  U  L  is  alfo  greater,  becaufe  ^lii  c- 
very  where  parallel  to  ftC, 
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m  Aftronomers  conftrmft  Tables  of  thofe  An- 
gles, which  the,'Moon's  Way  from  the  Sun  com- 
prehends with  the  EcHpcic,  according  both  to 
the  various  horary  morion  of  the  Moon  from 
the  Sun,  and  to  the  Moon's  diftance  from  the 
[  Node,  that  the  Way  of  the  Moon  through  the 
Shadow  of  the  Earch,  or  that  of  the  Shadow 
of  the  Moon,  over  the  Difc  of  the  Earth,  may 
be  readily  and  eafdy  determin'd.  They  calcu- 
late thele  Tables,  for  every  minute  of  a  Degree 
of  the  Excefs  of  the  Moon's  motion,  above 
the  Solar,  in  one  hour  1  But  as  they  ferve  chiefly 
for  Eclipfes,  the  Tables  of  them  are  only  car- 
ried on  lb  far  as  fuch  a  diftance  from  the  Node, 
in  which  the  Moon  may  run  into  the  Earth's 
Shadow,  or  projeft  its  own  Shadow  on  any  pare 
of  the  Earth. 

Proposition  XXXVII. 

TO  deu'rmine  the   Mean  or  Middle  Time  of  i 
Lunar    Eeliffe^       baffening    in    a    given 
Month.       [Fig.  34J 

Let  51  K  reprefent  the  Ecliptic,  as  before; 
0.  E  the  Way  of  the  Moon  from  the  Sun,  found 
.  by  the  foregoing  Pro^.  for  the  mean  Eclipfe, 
(if  you  will  have  it  as  it  wou'd  be  for  the  whole 
Time  of  the  Eclipfe,  which  may  be  done  fafe 
enough ;  otherwise  you  may  work  more  exactly 
by  often  finding  that  Way  of  the  Moon  from 
the  Sun;)  fl  the  Node  next  to  itj  DRCG  the 
circular  Sedion  of  the  Shadow  of  the  Earth, 
made  by  the  Heaven  of  the  Moon,  which  the 
Moon  in  its  Eclipfe  runs  into ;  whofe  Center 
or  rather  Pole  is  O.  Round  the  fame  Pole  oc 
p«ater  O,  defciLbe  another  Circle  A  FB  exte- 
rior 


I 
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rior  to  the  Circle  of  Shadow,  in  fuch  manner 
that  AC,  the  diftance  between  their  Circum- 
ferences may  be  equal  to  the  Moon's  apparent 
Semidiameter.    Let  thefe  Circles  meet  with  the 
Moon's  Way  in  M,  N,  A,  B.    If  fil  E  docs  na 
cut  the  Circle  JFB,  there  will  be  noEcIipfidi 
by  the  foregoing  Prop.     LetO.-^,  OB,  Arcs  ^ 
great  Circles,  be  fuppos'd  to  be  drawn,  meetin 
with  the  Circle  DCG,  at  C  and  />;  and  O  P,  J^ 
Circle  of  Latitude,  meeting  wich  the  Moona 
Way  at  P,    as  before.     If  thro'  0  be  draw 
ORF,  an  Arc  of  a  great  Circle,  perpendicul^ 
to  the  Circle  j^E,  meeting  it  ac  L;  the  An 
LB,  LA,  and  the  Arcs  L  M,  /,Nwill(byt 
El.  of  Spherics  be  equal.     Therefore  the  Moei 
(which  we  fuppofe  to  move  equably  ac  ra 
time  of  the  EcUpfe)  takes  up  as  much  time  i 
going  from  A  to  L,  as  from  L  to  B.    Let  Cj 
cles  be  fuppos'd  drawn  round  the  Centers  i 
Poles  ^fi,  with  the  diftances^^c,  AD,  whid 
will  rightly  rcprefent  the  Moon  (becaufe  Ac\ 
to  OC  as  the  Semidiameter  of  the  Moon  to  t|i 
Semidiameter  of  the  ShLidow)  and  will  ton 
the  Circle  DCG,  namely,  at  C  and  D,     Whd 
the  Moon's  Center  is  in  the  Point  A,  the  Moo^ 
Eclipfe  begins,  (becaufe  the  Limb  of  the  Mo 
touches  the  Limb  of  the  Shadow  at  C,)  and  t 
Center  being  come  on  to  B,  the  Eclipfe  enJ 
for  the  fame  reafon;  and  therefore  the  Mean  3 
that  Eclipfe  happens  whilft  the  Moon's  Centec 
is  in  the  Point  L,    namely,     nearly   that  in 
which  when  the  Center  is,   the  Moon  will  be 
Diofl  immers'd  in   the  Shadow,    as  has  beeni 
fliewn  in  the  foregoing  Pro/f.    We  (halt  like  wife 
fliew,  that  at  the  time  in  which  the  Moon's 
Center  comes  to  the  Point  L,  inTotal  Eclipfes, 
will  be  the  middle  of  the  whole  Obfcurity, 
when 
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when  the  whole  Moon  is  immers'd  in  the  Sha- 
dow ;  or,  in  a  word,  it  is  the  middle  of  the  paf- 
iage  of  the  Center  of  the  Moon  from  N  to  M, 
becaufe  N  Lis  equal  to  /.  Ai.  The  place  of  the 
Node  and  the  inclination  of  the  Limit:.,  are 
look'd  apon  as  unchangable,  not  only  by  rea- 
fon  of  the  fmall  time  of  the  duration  of  the  E- 
clipfe,  but  becaule  when  the  Nodes  are  in  tha 

^Syzygles  with  the  Sun,  thefe  are  truly  uniiiov'd, 
fcy  Frcfi.  14  and  ij.  Therefore  the  Problem 
returns  to  this,  'vis,.  That  tLe  Time  is  to  be  Je- 
termin'd  when  the  Moon's  Center  is  found  at 
L.  For  doing  of  which,  you  mufl  (by  Pt-of.ji.) 
fintJ  the  Time  of  thetnie  Oppofitionj  that  is,  the 
time  when  the  center  of  the  Shadow  will  be  at  O 
and  the  Moon  at  P;  unlefs  thefe  two  coincide, 
which-happenswhen  in  the  time  of  thetnie  Op- 
pofition  the  Sun  is  in  one  of  the  Moon's  Nodes, 
in  which  cafe  0£jPi,aniJOP,vanilh:  Butalfo  the 
magnitude  of  the  Arc  L  P,  has  been  found  in  the 
foregoing  I'rop.  by  the  relblution  of  the  Tri- 
angles SiOP,  OLV.  Therefore  the  time  re- 
quir'd  for  the  Moon  to  run  thro'  PL  niuft  be 
foundj  and  not  only  P  L  hinply,  but  P  L  beyond 
the  Sun's  motion  in  the  Ecliptic  ;  (for  whilft  the 
Moon  palTes  from  the  true  Oppofition  to  a 
point  of  its  Orbit,  next  to  the  center  of  the  Sha- 
dow, or  from  this  Point  to  that  true  Oppeli- 
tion,  the  Sun,  and  confequently  its  oppofire 
Point,  which  is  the  center  of  the  Sh;idow,  goes 
on  in  the  Ecliptic;  )  which  is  done  by  finding 
the  Horary  Motions  of  the  Sun  and  Moon  a- 
greeable  to  the  time  of  the  Eclipfcs  of  the  Sun 
and  Moon,  and  from  thence  their  difFerencea 
agreeable  to  the  time  of  the  Moon's  Honuy 
■jwfotion  from  the  Sun,  as  in  the  ;  lit  Ptop.  when 
ty  Analogy  you  will  tind  the  Time  reqiiir'd  fo^ 
2  i  i  ttie 
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the  Moon  to  move  from  the  Sun  thro*  the 
known  Arc  L  P.  By  the  infpeiftion  of  the  Fi- 
gures adapted  to  the  refpedive  Cafes^  it  is  plain, 
that  the  Time  in  which  the  Moon*s  Center  is  in 
the  Point  L,  near  to  the  Center  of  the  Shadow, 
goes  before  the  Time  of  the  true  Oppolition, 
when  the  Moon  is  come  to  P,  in  the  prefent 
cif fe ;  that  is^when  the  Moon  has  juft  pafs'd  the 
afcending  Node,  which  obtains  alio  when  it  has 
juft  pafs'd  the  defcending  Node :  But  when  the 
Moon  is  not  yet  come  to  the  Nodes,  the  Time 
of  the  mean  l£clipfe  is  after  the  Time  of  the 
true  Oppofition :  Whence  it  is  plain,  when  the 
Time  between  the  true  Oppofition  and  the 
mean  Eclipfe  is  to  be  added  to  the  Time  of  the 
true  Oppofition,  and  when  it  is  to  be  fubftrad- 
ed  from  it,  to  make  up  the  Time  of  the  mean 
Eclipfe. 

Aftronomers  commonly  make  Tables  of  the 
Time  in  which  the  Arc  LP  is  run  thro*,  to  be 
added  or  fubtraded  from  the  Time  of  the  tree 
Syzygy,  to  make  the  Time  of  the  mean  Eclipfe, 
or  of  the  greateft  Obfarity.  That  T;me  varies 
according  to  the  different  Velocity  of  the  mo- 
tion of  the  Moon  from  the  Sun,  and  the  difle- 
rcnt  diftance  from  the  Ndde.  They  continue 
thefe  Tables,  as  well  as  thofe  of  which  we  (poke 
before  in  the  SchoL  Prcf.  36.  for  every  degree  of 
the  Ecliptic  Bounds. 

Proposition  XXXVIII. 

TO  Jet  ermine  the  Time  of  the  Beginning  and  End 
of  the  Eclipfe  of  the  Moon  that  happens  in' s 
f^iven  Monthy  and  alfo  of  the  'whole  immerJioH  oftht 
Akon  into  the  Shadow  j  and  from  thence  alfo  ieter^ 
9mne  the  Duration ^  as  irell  of  the  whole  E^elipfe  asif\[ 
ihi  whole  DarkneCs.  [Fig.  gy.] 

Things  I 
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Things  being  as  in  the  foregoing,  except  that 
Jn  the  nrft  Fig.  ;  f .  the  Moon  in  its  Eclipfe  13 
liippofed  to  tend  towards  the  dcfcending  Node^ 
and  it  appears  that  the  Eclipfe  begins  when  ths 
Center  of  the  Monn  is  in  J,  the  Moon's  Limb 
touching  the  Limb  of  the  Shadow  at  C,  by  Prop. 
4.  of  the  2d  B.  of  Thcod.  Therefore  in  the  Tri' 
angle  ALO,  Reftangular  at  L,  3'ou  have,  be-* 
fides  the  Right  Angle,  the  Hypothenufe  OA^ 
hamely,  the  fum  of  the  Scmidiametcrs  of  thi3 
Moon  and  of  the  Shadow,  and  O  L  the  leaft 
dillance  of  the  Ccncer  of  the  Shadow  from  th8 
Center  of  the  Moon,  found  by  frof.  ^j.  There-' 
fore  the  Arc  A  L  will  be  founds  and  confequent* 
ly  the  Time  requir'd  for  the  Moon  (fay  the  ex- 
eefs  of  its  Motion  above  the  Sun's  Motion)  to 
go  thro'  it ;  that  is,  half  the  duration  of  the 
whole  Eclipfe.  But  the  Time  of  the  riiean 
Eclipfe  is  known  by  the  foregoing  ^  therefor* 
its  Beginning  and  End  is  known. 

For  determining  the  beginning  of  the  wholfl 
Immerfion  of  the  Moon  into  the  fiiadow  of  thS 
Earcli,  things  remaining  as  before,  obferve  the 
td  Fig.  55.  where  the  Moon's  EcHpfe  happens 
whiift  the  Moon  goes  towards  the  afcending 
Node,  and  there  let  the  Circle  AFB  be  within 
the  Circle  of  Shadow  CDG;  a  Circle  draWii 
with  the  Diftance  A  C  about  the  Center  ^,will 

»(by  Prop.  3.  B.  2  ofThrod.)  touch  CG  D  within, 
fltid  therefore  will  rightly  reprefent  the  Moon 
.going  on  in  its  proper  Way,  as  foon  as  it  is  all 
'  immers'd  into  the  Shadow  GCD.  To  find  tho 
Point  of  Time  when  the  Center  of  the  Moon  ia 
in^,youhave  given  in  the  Refl:angular  Triangle 
ALO,  the  fide  O  L  (  by  Prop  3y. )  and  O  A, 
which  by  conftruiftion  is  equal  to  the  difference 
of  the  Semidiameters  of  the  Moon  and  of  th« 

■  Shadow  J  therefore  the  Arc  AL  of  the  Moon't 

■  lii  a  W&1 

[ 
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Way  to  be  run  thro'  by  the  Moon's  motion  a- 
bove  that  of  the  Sun,  (  from  the  time  that  the 
whole  Moon  is  immers'd  into  the  Shadow,  un- 
til-the  middle  of  the  Eclipfe;  will  be  known* 
Therefore  from  knowing  the  motion  of  the 
Moon  from  the  Sun  agreeable  to  a  certain  Time^ 
(^iz,.  an  Hour,)  at  the  time  of  the  Eclipfe,  you 
will  know  what  Time  muft  be  taken  up  that 
the  Moon  (  by  the  excefs  of  its  motion  above 
that  of  the  Sun  J  may  run  thro'  the  Arc  A  L  j 
that  is  half  the  duration  of  the  whole  Darknefs. 
But  by  the  foregoing  Prop,  the  moment  of  the 
middle  EcHpfe  is  known,  whence  the  Begin- 
ning and  End  of  the  total  immcrfion  of  the 
Moon  into  the  ftiadow  of  the  Earthy  will  be 
known.    ^.  E.  F. 

SCHOLlt/M. 

In  the  trigonometrical  refolution  of  the  Tri- 
angles O  L?y  ALOy  B  LOy  as  alfo  of  the  Fi- 
gures Z*  /  A,  ALhdLy  in  the  foregoing  Vrop.  they 
may  be  look'd  upon  as  Re<%ilineal,  (which  alfa 
often  happens)  by  reafon  of  the  mortnefe  of 
the  fides :  For  fo  Imall  a  Portion  of  a  Spherical 
furface  may  lafely  be  look'd  upon  as  Plane. 

Proposition  XXXIX. 

TO  dtjine  the  ^antltj  of  an  Eclipfe  happening  at 
a  given  Monthy  as  well  in  its  middle  4s  in 
any  other  Time,  [f^g*  ?6.] 
^ '  Things  being  as  before,  the  Figure  reprefent- 
ing  the  Moon's  EcHpfe,  which  happens  a  little 
after  it  has  pafs'd  the  defcending  Node,  we  mufi 
find  the  quantity  of  a  middle  or  mean  partial 
Eclipfe.  Let  the  Difc  of  the  Moon  in  the  mid- 
dle of  the  Eclipfe  drawn  about  the  Center  C, 
(already  often  determined;  cut  the  Right  line 
k  OK 
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O  R  at  the  Point  M.     Having  then,  Tin  partsof 
[  a  great  Circle  in  the  Celeftial  Sphere '  OR,  the 
'  Semidiameter  of  the  Shadow,  and  by  Frr,p.  jj. 
found  the  Arc  OL,  which  is  the  leaft  diftance 
of  the  Center  of  the  Moon  from  the  Center  o£ 
the  Shadow  in  the  ftme  Parts  i  you  will  have 
Cby  Euc.  Djt.  4.)  LR,  the  ditference  of  thofe 
Arcs:  But  LM,  the  Moon's  Semidiameter  is 
is  given  ;  whence  (by  D^n.  3.)  MR,  thefumof 
them  is  alfo  given  in  the  fame  parts  ;  and  there- 
fore ("by  D.it.  I.)  the  ratio  to  the  Moon's  whole 
Diameter  Af  H,  alfo  known  in  parts  of  a  Circle: 
L  And  MR  is  pare  of  the  Diameter  of  the  Moon 
l^arkned  in  a  mean  Eclipfe  ;  therefore  the  ratio 
i-of  the  darkned  Parts  Diamei  cc  to  the  whole  Di- 
lametcri?  given,  and  confequcncly  the  number 
|of  Twelfths  and  pares  of  Twelfths  of  the  dark- 
ned Diameter. 

After  the  fame  manner  may  be  found  ihe 
Quantity  of  an  Eclipfe  for  a  given  Time,  (hen 
either  before  or  after  the  true  Full-Moon.  Ha- 
ving by  the  foregoing  method  found  the  Moon'i 
horary  Motion  from  the  Sun,  the  Arc  of  the 
Moon's  diftance  from  the  Point  P  u  ill  be  deter- 
min'd,  in  which  Point  the  true  Full-Moon  is. 
LetitbeP5j  therefore  the  place  of  theMoon's 
Center  for  the  given  Time  is  S.  Draw  the 
Arc  05,  meeting  with  theMoon's  Difc  at  Ai 
■|iDd  7/,  and  the  Circle  C  D  G  at  ;;.  In  theTri- 
fengle  OOP,  you  have  befidcs  the  Right  Angle 
tec  0,  the  13  0,  and  the  Angle  O  liF  ;  whence 
Wou  will  find  the  fide  O  P  (already  deftn'd)  and 
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;aih ,    in  the  Triangle 


fPS,  you  have  the  two  lides  ?0,  PS,  and 
WT  St  the  Angle  which  they  contain;  whence 
ft>u  will  alfo  have  the  Arc  0  S,  and  ccnfe- 
jjcndy  the  difference  between  it  aii  J  the  knjwa 
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Arc  S  Mt  namely  O  M:  But  o  R  is  given,  and 

eonfequencly  MR  tlie  difference  of  OR,  O  M i 
and  all  thcfe  in  parts  of  a  Circle  at  before  ;  and 
therefore,  as  in  the  foregoing  cafe,  the  Quan- 
tity of  the  Eclipfe  in  Twelfth!  and  parts  of 
Twelfths. 

li  MR  exceeds  the  Moon's  whole  Diameter 
(Fig.  ;7.)  the  Eclipfe  faid  to  be  of  fo  many  Di- 
eiti  as  AiR  contains  !»'*•*  of  the  Moon's  Dia- 
meter i  but  improperly,  becaufe  ftriiftly  fpeak- 
ing,  the  Moon  cannot  be  Eclipfed  more  Digits 
than  its  Diameter  contains j  but  MR  is  made 
up  of  the  Moon's  Semidiameter  MS  and  SR, 
(he  leaft  diftance  of  the  Center  S  from  CDG^ 
the  margin  of  the  Shadow,  which  ( by  EUm, 
Sfhtrie.)  is  an  Arc  of  a  great  Circle  joining  the 
Centers  0  and  S- 

COROLLARY  I. 
Hence  may  eafily  be  determin'd  the  Placet 
pf  the  Earth,  from  which  a  given  Phafis  of  the 
Moon's  Eclipfe  may  be  feen.  For  fince  by  this 
.  prop,  the  Place  of  the  Eclips'd  Moon  for  that 
Phafis  is  given,  and  the  Hour  is  a  given  Place 
of  the  Earth ;  you  will  (by  Ccrol.  ;6,  B.  2.)  have 
that  Place  of  the  Earth,  to  which  the  Mooon  is 
Vertical,  and  all  the  Places,  which  are  diftant 
from  it  lefs  than  a  quarter  of  a  Circle,  will  fee 
it ;  thofe  which  are  farther  diftant,  will  not  fee 
it;  thofe  which  are  juft  at  the  diftange  of  a 
Quadrant,  will  fee  it  in  the  Horizon. 

COR  O  L  L  ART   2. 

By  helpof  the  three  lad  PropofKions  you  may 
exaiftly  draw  a  Scheme  of  the  Moon's  Eclipfi 
upon  a  Plane.  For  fince  fo  Imall  a  part  of  the 
Heaven  of  the  Moon,  as  the  Shadow  (or  even 

the 
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the  Penumbra)  of  the  Earth,  together  with 
Moon  touching  it  at  the  beginning  of  the  E- 
clipfe,  may  fafely  be  taken  for  a  Plane;  Having 
drawn  Right  lines,  which  crofs  one  another  in 
an  Angle  equal  to  that  which  the  Way  of  the 
Moon  contains  with  the  Ecliptic,  reprefcnting 
thofe  Circles,  and  the  next  Node  by  their  con- 
CQurfe;  in  the  Right  line  which  reprefcnti  the 
Ecliptic,  take  a  Point  diftant  from  the  common 
Concourfe  of  the  Right  lines,  fo  many  equal 
parts  of  any  kind,  as  the  parts  (as  for  Example, 
Minutes)  are  of  the  Circle,  which  meafure  the 
Diftance  of  the  Center  of  the  Shadow,  or  Point 
oppofite  to  the  Sun  from  the  Node  j  on  that 
Center  defcribea  Circle  reprefentingtheEarth's 
Shadow,  takingforcheSemidiamererof  it  asma- 
i^  of  the  equal  parts  taken  before,  as  the  Semi- 
diameter  of  the  Shadow  cakes  up  Minutes  in  the 
Heavens  J  drawing  Right  lines  from  that  Cen- 
ter perpendicular  as  well  to  tl\e  Ecliptic,  as  to 
the  Moon's  Way,  you  will  in  the  Moon's  Way 
have  the  Points  of  the  true  Eull-Moon,  and  of 
the  middle  Eclipfe.  If  with  the  fame  Center, 
both  within  and  without  that  Circle  of  Shadow, 
you  draw  two  other  Circles  diftanc  from  the 
firft,  by  the  fpace  of  fo  many  equal  parts  talffn 
before,  as  the  Moon's  apparent  Semidiameter 
hasMinutes;  the  incerfeftions  of  thofs  Circles, 
with  the  Right  line  reprefcnting  the  Moon's 
Way,  will,  in  the  Scheme,  fliew  the  Points  la 
-which  the  Moon's  Center  is,  at  the  beginning 
and  end  of  theEclipfej  and  of  the  total  Obfcu- 
rity.  Moreover,  ss  the  horary  Motion  of  the 
Moon  from  the  Sun,  and  the  number  of  Hours 
in  a  given  place,  at  ihe  time  of  the  true  Full- 
Moon,  and  alfo  of  the  Ecliptic,  in  its  begin- 
/ningj  middle^  and  end,  by  the  foregoing  Pro- 
1  i  i  4.  poficion  j 
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pofition ;  the  Right  line,  which  reprefents  the 
Moon's  Way,  will  be  divided  into  equal  parts, 
which  will  be  mark'd  by  numbers  which  denote 
the  Hours,  reckoned  in  a  given  Habitation,  in 
which  the  Moon  is  in  homologous  Points  of  the 
Heaven.    And  the  Phafis  of  the  Eclipfed  Moon  ' 
happening  at  any  time,  will  be  made  very  ri- 
fible,    if  from  a  point  in  the  Moon's  Way, 
(niark'd  with  the  number  of  the  given  Time) 
for  your  Center,  you  draw,  with  an  Interval 
reprefenting  the  Mdoft's  apparent  Semidiameter, 
a  Circle:  This  Circle,  by  that  part  which  it 
has  wichin  the  Circle  reprefenting  the  Shadow, 
Will  reprefent  the  Eclips'd  part  of  the  Moon; 
arid  the  part  which  {lands  oat  of  the  Circle  of 
Shadow,    ( ii  any  part  does  reach  out  pf  it) 
will  fhew  the  enlighten  d  part :   Therefore  the 
Ecliptical  Digits   fhew  themfelves,  as  alfo  the 
Ratio  between  the  whole  Difc  of  the   Moon 
and  its  bright  part  (if  it  has  any; )  namely,  the 
difference  between  the  two  Segments  of  the 
given  Circles,  which  is  evident  from  the  diment- 
fton  of  the  Cirgle.         "  *  ' 
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Section  VIII. 
Of   the    Sun's  EcJipfe. 

HAving  thus  fpoken  of  the  Lunar  Eclipfe, 
we  come  now  to  the  Solar  one.  And 
firft  wc  will  fpeak  of  it  univerfally,  and  confi- 
der  the  Moon's  Shadow  falling  upon  the  E'.rth, 
and  how  it  might  truly  and  properly  be  called 

I  &n  Eclipfe  of  the  Earth;  For  in  this  Eclipfe  the 
Earth  does  the  fame  as  the  Moon  in  theLunarE- 
clipfedefcribed  abovejand  theMoon  does  in  this 
cafe,  what  the  Earth  did  in  that.  Afterwards  wc 

'  will  confider  this  Phenomenon  of  the  Eclipfe  of 
the  Eatth,  as  the  Moon  covers  fome  part  of  the 
"Sun  from  an  Inhabitant  of  the  E^rth,  inimers'd 
In  the  Moon's  Shadow  and  looking  up  to  the 
Heavens,  in  which  part  the  Sun  appears  to  be 
Eclips'd  for  that  reafon  ;  whence  this  Pheno- 
menon has  been  call'd  an  Eclipfe  of  the  Sun. 

Proposition  XL    Lemma. 

IF  the  apparent  Dijiance  betTueen  the  San  and  the 
Moon,  feen  from  the  Center  of  the  Earth,  he  e- 
jKd/  to  the  Moon's  horizontal  ParaBax  ;  and  you  en- 
creafe  it  by  the  Sun's  horizontal  VaraUax,  it  will  be 
ejual  to  the  difianoe  between  the  Center  of  the  Earth, 
and  the  Center  of  the  Movti  s  Shadow,  receivd  upon 
the  Difc  of  the  Earth,  feen  from  a  Toint  where  a 
Right  line  joining  the  Centers  of  the  Sun  and  Earth, 
meets  with  the  Moon's  Heaven :  And  proportionally^ 
if  the  di/f-ancf  of  the  Sun  and  Moon  be  greater  or  lefs. 
[Fig.  38.] 

Let  the  Earth  s  Center  be  T,  the  Sun's  S,  TS 

a  Right  line  joyning  the  Center  of  the  Sun  and 

Earth, 
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Earth,  DTa  perpendicular  to  the  Difc  of  the 
Earth,  meeting  the  Moon's  Heaven  at  M,  Let 
Si  L  be  the  Moon's  lOrbir,  in  which  L  is  the 
Moon;  9.M  the  EcHpdcj  LM  the  apparent 
diftance  of  the  Sun  and  Moon,  feen  from  T, 
equal  to  the  Moon's  horizontal  Parallax.  Let 
SL  be  drawn  and  produc'd,  till  it  meets  with 
the  EarthVDifc  DT'at  r,  where  the  Center  of 
the  Moon's  Shadow,  receiv'd  upon  the  Difc  of 
the  Earth,  is.  I  fay  that  the  Angle  TMV  is 
equal  to  STL,  which  is  the  Sum  of  the  appa- 
rent diftance  of  the  Sun  and  Moon,  and  the 
Sun's  horizontal  Parallax.  Draw  LR  parallel 
Co  AiT,  and  join  MR.  Becaufe  the  Angle 
TMy  is  equal  to  the  Angles  tMR  and  RMir 
taken  together,  and  theAngle7'A/i2  CbyPro;>.29. 
Ell.)  is  eqnal  to  LR  M,  that  is,  ('upon  account 
of  the  nearneis  of  the  Points  R  and  T )  L  TM 
and  R  Mf^Cfor  the  fame  reafony  is  equal  to  R  LVy 
pc(hy  Prop.  29.  EL  I.)  to  LS Mi  TMV  will  be 
equal  to  the  Angles  iTjWand  LS M  taken  to- 
gether. Moreover,  becaufe  the  Angle  LT M 
is  fuppos'd  equal  to  the  Moon's  horizontal  Pa- 
railaxis,  and  Z.  the  Moon;  the  diftance  of  the 
Points  L  and  A/ will  be  equal  to  the  Earth's  Se- 
inidiameter ;  (for  the  Moon's  horizontal  Paral- 
lax is  the  Angle  under  which  the  Earth's  Serai- 
diameter  is  feen,  at  a  diftance  equal  to  the  di- 
ftance of  the  Earth  and  the  Moon)  therefore 
the  Angle  LS M\i  nearly  the  Sun's  horizontal 
Parallax  (namely,  the  Angle  under  which  the 
Earth's  Semidiameter  appears  at  the  diftance  of 
the  Sun  from  the  Earth,  that  is,  almoft  at  the 
diftance  of  the  Sun  and  Moonj  and  the  Angle 
LTM  is  the  Diftance  of  the  Sun  and  Moon  k^Ti 
from  the  Center  of  the  Earth.  And  therefore 
the  Angle  TMV\i  equal  to  the  diftunce  of  the 
Sun 
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I  Sun  and  Moon,  feeii  from  the  Center  of  the 
Earth,  together  with  the  Sim's  horizontal  Paral- 


After  the  fame  manner,  if  the  Arc  LM  be 
equal  to  half,  or  one  and  a  half,  or  twice  the 
Moon's  horizontal  Parallaxisi  the  Angle  TMV 
y/\\\  be  equal  to  LT M,  and  a  half,  or  one  and 
a  half,  or  cwlcp  thp  Sun's  horizontal  Parailaxis. 

Proposition  XLI. 

TO  determiee  -whether  tbt  l^eivMoon  cf  a  Month 
jliall  be  EcUplicalf  that  ii^  whttber  In  any  fart 
if  the  Earth  the  Sun  mill  afpear  to  lie  fartially  or  tor 
tfllly  EcUfi'd ;  and  if  there  ii  to  be  an  Ecliffe^  to  de- 
termine its  kind.    [Fig.  J  9.] 

Let  DCG  reprefent  the  Earchj  in  which  the 
Poles  of  the  Diurnal  Revolution  are  P,  and  the 
latent  Point  oppofite  to  it.  Let  the  Hemifphere 
in  the  Figure,  be  that  which  is  enlighten'd  by 
the  Sun ;  and  therefore  the  Circle  DCG,  whofe 
Center  is  T,  will  divide  the  enlighten'd  from  the 
darken'd  Hemifphere,  whofe  Plane  is  the  Difc 
of  the  Earth.  Let  the  Shadow  of  the  Moon, 
caus'd  by  the  Sun,  be  fuppos'd  to  fall  on  the 
Plane'of  the  Difc  of  the  Earth :  The  Figure  of  the 
Shadow  To  receiv'd  will  be  circular,  as  HM  ha- 
ving K  for  its  Center;  becaufe  the  peiiunibrous 
Cone  is  right,  and  its  Axis  nearly  perpendicular 
to  the  Plane  of  the  Difc  ;  for  we  fpeak  of  fuch 
a  cafe  as  V  is  but  very  little  diftant  from  T,  be- 
caufe it  is  only  in  that  cafe  that  the  Moon's  Sha- 
dow can  reach  the  Earth  j  that  is,  that  fome  fore 
of  Eclipfeof  the  Sun  may  happen.  In  the  Cen- 
ter of  it  there  is  a  little  Circle  altogether  dark 
if  the  Moon's  total  Shadow  reaches  fo  far:  The 
mnaining  Crown  round  about  is  penumbrous 
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or  almoft  dark,  thofe  parts  of  it  being  darkeft 
which  are  neareft  to  the  aforefaid  fmall  Circle, 
by  prop.  54.  It  is  plain,  that  if  the  Penumbra 
docs  not  touch  the  Earth,  there  will  not  be  an 
Eclipfe  in  any  part  of  the  Earth:  If  fome  part 
of  the  Earth  be  immers'd  in  the  Penumbra,  it 
will  (properly  fpeaking,  as  we  Taid  before,  of 
the  Moon}  fuiFer  fome  Eclipfe ;  or  the  Sun  wilt, 
by  reafon  of  the  Interpoiition  of  the  Moon, 
appear  to  be  Eclips'd,  to  the  Inhabitants  of  that 
1ra£t  of  Land.  But  it  is  plain,  that  the  Sha- 
dow reaches  the  Earth,  if  the  Circle  HM  cuts 
the  Circle  DCG;  otherwifeit  docsnot,  becaufe 
DCG  is  a  great  Circle  of  the  Earth. 

Now,  to  know  if,  on  the  New  Moon  of' j 
given  Month,  the  Circle  HM  will  cut  the  < 
tie  DCG,  you  mufl  fuppofe  that  Hemifphere  A 
the  Earth  which  is  enlighten'd  by  the  Sun,  : 
the  penumbrous  Circle  to  bs  fecn  from  an  ] 
plac'd  above,  in  that  Point,  where  the  IligfS. 
line  joining  the  Sun's  and  the  Earth's  Centersj 
meets  with  the  Heaven  of  the  Moon ;  in  which 
cafe  that  Hemifphere,  tho'  it  be  convex,  will 
appear  as  the  Plane  of  a  Difc,  as  it  happens 
when  we  look  at  the  Moon,  the  diftance  of  the 
Eye  naturally  taking  off  the  Convexity.  The 
-Echp;ic,  upon  the  fame  account,  will  appear 
like  3  Right  line,  viz..  Si  TK,  when  the  Eye  hap- 
pens to  be  in  its  Plane :  And  becaufe  the  Eye  is 
but  a  little  way  off  from  the  Plane  of  the 
Moon's  Orbit,  the  Moon's  Orbit,  receiv'd  upon 
the  Difc,  or  rather  the  Way  of  the  Center  of 
-the  Circle  of  Shadow  ;  that  is,  the  Line  which 
it  defcribes  in  that  Plane  of  the  Difc  of  the 
Earth,  will  alfo  be  a  Right  line  ;  namely.  Si/. 
From  r,  the  Center  of  the  Earth,  draw  TV 
:perpendicijar  to  fi^j  and  f  will  be  the  neareft  ■ 

of 
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of  all  the  Points  of  fii  to  the  Center  of  the  Earth. 
Therefore  if  tiie  penumbrous  Circle  HAf  does 
at  all  reach  CZ>G,  the  Earth's  Difc,  it  will  reach 
it  when  its  Center  is  Jn  V:  For  in  any  other 
Point  thefe  Circles  are  farther  from  each  other. 
And  for  the  fame  reafon,  if  HM  reaches  CZ)G, 
it  will  moft  of  all  run  into  it  when  the  Center 
of  tlie  penumbrous  Circle  is  come  to  r.  But  ic 
is  plain  that  the  Circle  HM  does  not  touch 
DCG,  if  when  the  Center  of //A/ is  come  to  r» 
?^j"  exceeds  TR  and  r^W  taken  together:  But 
^by  the  foregoing  Prop.)  when  the  Place  of  the 
Eye  is  fuppcs'd  as  above  TF,  it  appears  under  an 
Angle  equal  to  the  Diftance  of  the  Sun  and  the 
Moon,  feen  from  the  Center  of  the  Earth,  aug- 
mented by  an  Angle  which  is  to  the  Sun's  hori- 
zontal Parallax,  as  the  (aid  Diftance  of  the  Lumi- 
naries to  the  Moon's  horizontal  Parallax;  and 
TR  appears  to  the  fame  Eye  under  an  Angle  e- 
qua]  to  the  Moon's  horizontal  Parallax;  at^FM 
(hy Scbol. Prop.  '^^.)is  feen  from  it  under  an  Angle 
equal  to  the  aggregate  of  the  Semidiamecers 
of  the  Sun  and  Moon,  feen  from  the  Center  of 
rhe  Earth :  If  therefore,  when  the  Center  of 
the  penumbrous  Circle  is  come  to  K,  the  diftance 
of  the  Luminaries,  feen  from  the  Center  of  the 
Earth,  atigmented  by  an  Angle  which  is  to  the 
Sun's  horizontal  Parallax  as  the  faid  Diftance  of 
the  Luminaries  is  to  the  Moon's  horizontal  Pa- 
ralla-s,  be  greater  than  the  aggregate  of  the 
Moon's  horizontal  Parallax,  and  the  Semidiame- 
ters  of  the  Luminaries;  ic  isplain,  that  in  fuch  a 
cafe  there  will  not  be  an  Ecliple  of  the  Sun  in  a- 
ny  part  of  the  Earth.  And  as  in  the  New- Moons, 
in  which  there  is  a  Sufpicion  of  an  Eclipje,  or 
in  thofe  in  which  HyW  touches  DCG,  the  appa- 
rent Diftance  of  the  Luminaries  is  fefquialter 
Cor 
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(or  as  i  to  I J  to  theMobtt's  horizontal  Parallax, 
(namely  TT  is  fefquiaker  to  TR)  when  VM  the 
agp-egace  of  the  apparent  mean  Semidiameters 
of  the  Luminaries,  is  ss  it  were  fubdiipleof  TK, 
the  Moon's  Mean  hori^ncal  Parallax ;  there 
will  be  no  Eclipfe  on  the  whole  Earth,  if  the 
Center  of  the  Circle  HAf,  being  come  ro  f ; 
the  diftance  of  the  Luttiinaries,  feen  from  the 
Center  of  the  Earthy  encrcas'd  by  one  and  a 
half  of  the  Sun's  horizontal  Parallax,  exceed* 
the  Sum  of  the  Sun's  ar»d  MoOn's  Semidiameters, 
and  the  Moon's  horizontal  Parallax  j  that  is,  if 
the  diftance  of  the  Luminaries,  feen  from  the 
Center  of  the  Earth,  exceeds  the  Sunj  of  the  Se^ 
midiameters  of  the  Luminaries,  and  the  Moon's 
horizontal  Parallax,  once  and  a  half  the  Sun's 
rallax  being  fubdufted  from  it. 

And  if  that  Diftance  be  equal  to  this  Sunii 
the  Penumbra  brufhes  againft  the  Earth,  but 
Vill  not  fall  upon  it,  neither  will  the  Sun  ap- 
pear Eclips'd  CO  an  Inhabitant  of  the  Earth. 

But  if  the  diftance  be  lefs,  that  is,  if  wheri 
the  Center  of  the  Penumbra  [Hr.  40.]  is  in 
the  diftance  of  the  Luminaries,  Teen  from 


Center  of  the  Earthj  wants  of  the  Sum  of  th) 
Semidiameters  and  the  Moon's  horizontal  PS^ 
rallax,  by  the  Quantity  of  once  and  a  half  the 
Sun's  Parallax;  that  is,  if  TT be  left  thanTR 
snd  VM  together,  or  the  Circle  HM  cuts  the 
Circle  DCG  (namely,  in  Tand  Z  )  and  at  the 
fame  time  the  little  Circle  which  is  quite  dark 
in  the  Center  of  the  Circle  HM,  either  not 
touches  at  all,  or  does  but  I'uft  touch  the  Circle 
DCG  i  part  of  the  Sun  will  appear  Eclips'd  to 
thofe  that  inhabit  chat  pare  of  the  enlighrned 
Hemifphere,  which  is  taken  in  by  the  Segment 
VRZM  common  to  both  Circles, 

Bits 
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But  becaufe  the  Semidiameter  of  this  little 
dark  Circle  to  an  Eye  pofited  as  before,  appears 
under  an  Angle  equal  to  the  Semidiameter  of  the 
Moon,  feen  from  the  Earth's  Center,  the  Sun's 
apparent^  Semidiameter  from  it  being  taken 
from  ic,  by  ScboL  ?rep.  jj.  it  is  plain  that  this 
Ci rcic  (tho'  at  (^)  will  not  reach  the  Difc  CDG, 
if  the  diftance  of  the  Luitiinaries,  feen  from 
the  Center  of  the  Earth,  -together  with  the 
Sun's  horizontal  Parallax  (  for  in  that  c:ife  Ty 
does  not  much  exceed  J?  T")  does  exceed  the 
Moons  horizontal  Parallax  and  the  Excefs  of 
the  Moon's  apparent  Semidiameter  above  the 
Sun's  apparent  Semidiameter,  or  is  equal  to 
them ;  that  is,  if  the  faid  diftance  of  the  La- 
minaries  exceeds  the  Semidiameter  and  horizon- 
tal Parallax  of  the  Moon,  taking  from  it  the 
Semidiameter  and  horizontal  Parallax  of  the 
Sun;  or  if  it  be  equal  to  them:  But  if  it  wants 
of  that  Sum,  then  the  whole  Shadow  will  fall 
cpon  the  Earth,  and  make  a  whole  Eclipfe  of 
the  Sun  to  the  Inhabitants  of  that  Trad  of  the 
Earth  which  it  falls  upon;  but  without  any  fen- 
fible  mora  or  duration,  becaufe  this  little  Circle  is 
very  fmall,  when  the  Moon's  apparentDiameter 
does  but  a  little  exceed  tiie  Sun's  apparent  Di- 
ameter, and  therefore  is  commonly  look'd  upon 
as  the  Center  of  the  Penumbra,  Nay,  fome- 
times  this  Circle  quite  vanifhes,  when  the  Sun's 
apparent  Diameter  is  greater  than  the  Moon's 
apparent  Diameter.  Now  in  either  cafe,  fome 
place  of  the  Earth  has  a  total  (or  a  central,  tho' 
not  total)  Eclipfe,  when  the  Center  of  the  Pe- 
numbra being  at  the  leaft  diftance  from  the  Cen- 
ter, the  apparent  diftance  of  the  Luminaries  is 
equal  to,  or  lefs  than  the  Sum  of  their  horizon- 
tal Parallaxes. 

But 
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But  the  whole  Penumbra  of  the  Moon  dark* 
ens  the  Earth,  firft  when  TV  (Fig.  41.)  the  leJift 
diftance  of  the  Centers  of  the  Earth  and  pe- 
numbrous  Circle,  that  is,  ("by  the  foregoing* 
Trof.)  the  leaft  apparent  diftance  of  the  Lumi- 
naries half  the  Sun's  horizontal  Parallax  being 
fubtracied  from  it,  ("for  VM  is  nearly  equal  to 
half  TR^)  is  equal  to  the  difference  ot  TRy  HV^ 
or  to  the  excefs  of  the  Moon  s  horizontal  Paral- 
lax above  the  fum  of  the  Semidiameters  of  the 
Luminaries.  And  if  that  Diftance  is  lefs  than . 
this  Excefs,  the  whole  Penumbra  falls  upon  the 
Earth,  all  the  Trad  of  Land  round  about  has 
no  Eclipfe  of  the  Sun. 

Tho'  the  Moon's  Shadow  or  Penumbra  re-' 
ceiv'd  upon  the  Plane  of  the  Difc  be  a  Circle, 
yet  on  the  Spheric  furface  of  the  Earth  (  where 
It  really  falls  J  it  is  circumfcrib'd  by  a  line  not  at 
all,  Circular,  (unlefs  it  be  when  the  Axis  of  the 
Cone  of  Shadow  is  extended  thro'  the  Center 
of  the  Earth,)  and  even  not  lying  in  the  lame 
Plane  j  (of  which  kind  of  Lines  P.  Courfier  wrote 
a  (mall  Treatife  in  the  Year  1665.J  which  is  al- 
io true  of  the  Shadow  of  the  Earth  received  on 
the  Moon's  fpherical  Surface.  But  in  treating  of 
the  Moon's  Eclipfe,  there  was  no  need  of  taking 
notice  of  this,  becaufe  its  fpherical  Surface  does 
not  differ  from  a  flat  Difc  to  an  Obferver  on 
the  Earth.  But  in  the  Earth,  our  Habitation, 
the  thing  is  otherwife : .  For  all  the  Spectators 
in  the  Earth  which  have  an  Eclipfe  of  the  Sun 
of  the  fame  Quantity  in  the  fame  moment  of 
Time,  lie  under  fuch  a  line.  But  the  determi- 
nation of  it  does  not  belong  to  this  Place,  nor 
indeed  properly  to  Aftronomy. 

But  the  neareft  diftance  between  the  Centers 
of  the  Luminaries  near  the  New-Moon  {ztn 

from 
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from  the  Earth  is  to  be  found  the  fame  way  as 
the  neareft  diftattce  between  the  Centers  of  the 
Moon,  and  of  the  Shadow  of  the  Earth  near 
the  Full- Moon,  was  found  in  Prop,  jy  ;  nafncly, 
finding  ( by  P^op.  j  i.)  the  Time  of  a  true  Con- 
jundion,  happening  on  a  given  Month,  -viz. 
when  the  Moon  is  found  in  N,  the  Sun  being  ac 
5",  [/^.  42.]  ^JVbeing  drawn  for  a  Circle  of 
Latitude,  and  finding  the  Places  of  the  Moon's 
Nodes  for  the  fame  Time,  ("of  which  fii  niuft  be 
neareft  to  S)  as  alfo  the  Inclination  of  theMoon's 
Orbit  to  the  Ecliptic ;  upon  which  account,  in 
theSphericalTriangleft5Nrettangularat6',you 
have  given  s^5thediftance  of  the  Node  and  the 
Sun,  and  the  Angle ^ ,  which  is  the  Inclination, 
of  the  Lunar  Orbit  to  the  Eclipticj  whencd 
you  will  find  the  Side  SN  and  the  Angle  A'', 
Again,  in  the  Triangle  i'/.N,  (which,  by'rca- 
fon  of  its  fmallnefs,  may  be  look'd  upon  as  re- 
aUineal)  belides  the  Right  Angle  at  L,  (for  S  L, 
byconftruftion,  is  perpendicular  to  the  Moon's 
Orbit,  therefore  the  next  diftance  of  the  Lumi- 
naries, namely,  when  the  Moon  is  in  L  )  you 
have  given  the  lately  found  Side  SN^  and  the 
Angle  N";  whence  5  f.,  the  leaft  diftance  of  the 
Luminaries,  will  be  found,  and  alfo  the  Side 
3srx,  which  will  be  of  ufe  afterwards:  But  you 
will  readily  find  the  Arc  SL  from  the  Tables  of 
the  Moon's  Latitude,  by  taking  it  equal  to  the 
Moou's  Latitude,  when  the  Argument  of  the 
l.atitude  is  equal  to  the  Arc  a  S,  the  diftance  of 
the  Sun  from  the  Node,  the  reafon  of  which 
we  have  fhewn  in  the  fame  Cafe,  Prep.  jy. 

CO  RO  L  L  yi  Rr. 
Hence  will  be  defin'd  the  Tetms  for  all  man- 
tier  of  Eclipfes  of  the  Sun,  that  happen  in  any 
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part  of  th«  Eartl^.  For  if  TTbe  lels  than  the 
Sum  of  the  Semidiameters  of  the  Earth's  Difc, 
and  the  Moon's  Penumbra,  there  will  only  be  a 
partial  Eclipfe  in  fome  part  of  the  Earth.  If 
TV  be  lefs  than  TR  the  Semidiameter  of  the 
Difc,  there  will  fome  where  be  a  total  Eclipfe 
of  the  Sun  J  at  leaft,  a  central  one.  Therefore 
in  the  redilineal  Triangle  a  TTi  which  is  de- 
fcrib'd  in  the  Difc  of  the  Earth,  having  given^ 
befides  the  Right  Angle  at  r,  the  Angle  Fa  T^ 
and  the  Side  VT^  equal  to  the  faid  Sum  of  the 
Semidiameter,  you  will  find  the  Side  siFf 
namely,  the  diftance  of  the  Center  of  the  Moon's 
Penumbra  from  the  next  Node,  and  of  the 
Moon  from  the  oppofite  Node ;  which  being 
fuch,  at  the  Time  of  the  true  New-Moon,  the 
Penumbra  will  go  by  the  Earth  without  touch- 
ing It :  But  if,  at  the  faid  moment  of  the  New- 
Moon,  the  diftance  from  the  neareft  Node  be 
lefs  than  the  above  found  Arc  ft  F,  the  Moon's 
Penumbra  will  involve  fome  Trad  of  the  Earth, 
and  the  Sun  will  appear  under  fome  fort  oiF  E- 
clipfe  to  the  Inhabitants  of  that  Trad.  After 
the  fame  manner  will  the  Terms  be  defin'd  fof 
a  central  Eclipfe  of  the  Sun,*  happening  fome- 
where  in  the  Earth,  by  taking  the  Semidiameter 
of  the  Difc  itfelf,  inftead  of  the  Sum  of  the  Se- 
midiameters of  the  Difc  and  Penumbra,  as  was 
before  (hewn.  But  by  reafon  of  the  Imallneis 
of  the  Angle  at  a ,  and  of  the  Sides  of  the  Tri- 
angles rjvr,  TN  differs  but  very  little  from 
TT:  Whence  they  will  nearly  be  the  Terms  for 
the  Sun's  Eclipfe,  whether  total  or  of  any  kind 
happening  in  any  place  J  namely,  the  diftances 
of  the  Moon  from  the  next  Node,  when  at  thd 
Time  of  the  true  New- Moon  the  Latitude  is 
e^ual  either  to  the  Sum  of  the  Semidiameteri 
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of  the  Luminaries  and  the  Moon's  horizontal 
I  Parallax  taking  from  it  once  and  a  half  the  Sun's 
horizontal  Parallax,  or  to  the  difference  of  the 
Sun's  and  Moon's  horizontcl  Parallaxes. 

PROPOSITIOS   XLII. 

TO  tiefine  the  Time  of  the  Beginning,  MiJMe'i 
and  Endy  as  well  of  ei/iTy  Ecliffe,  or  lijfett* 
mg  of  IJ^hi,  upon  account  of  the  Moon'i  Penumha^ 
as  of  a  totalEtUffe  of  the  San^  happening  in  any  fart 
of  the  Glohi  of  the  Earth,  upon  a  gi'Ven  Month ;  and 
thence  to  determine  their  Duration.     [Fig.  45,] 

Let  DCG  be  the  Dife  of  the  Earth  defcrib'd 
ahout  the  Center  T,  feen  from  a  Point  of  a 
Right  line  jsining  the  Centers  of  the  Earth  and 
Sun,  where  it  meets  with  the  Heaven  of  the 
Moon.  Let  the  eommon  Interfedion  of  its 
Difc  and  the  Plane  of  the  Ecliptic  be  the  Right 
line  Q,K;  and  7'N  perpendicular  to  it  will  be 
the  eommon  Seiftion  of  the  Planes  of  the  Cir- 
cle of  Latitude,  and  of  the  Difc  of  the  Earihj 
In  which  the  Point  N  is,  where  the  common 
Interfetftion  of  the  Moon's  Orbit,  and  the  Plane 
of  the  Difc,  or  the  Projeftion  of  the  Mooti's  Or- 
bit on  the  Plane  of  the  Difc^  cues  the  faid  Circle 
of  Latitude.  When  we  fuppofe  the  Eye  feeing 
this  Eclipfe  of  the  Earth  plac'd  in  a  Right  iine^ 
which  joins  the  Centers  of  the  Sun  and  the 
Earth,  it  is  plain  that  it  will  move  togethef  wittl 
;he  Sun;  and  therefore  that  it  will  fee  the  Cen-» 
;cr  of  the  Moon's  Penumbra,  defcribing  upon 
the  Difc  of  the  Earth  that  Way  from  the  Sunj 
of  which  we  have  amply  treated  in  Vrop.  56. 
Therefore  let  the  Right  line  I  No,  be  coneeived 
to  bs  drawn  thro'  N,  making  with  TN  Angles 
en  each  fide  equal  to  thofe  which  the  Moon's 
Way  from  the  Sun  makes  with  the  Circle  of 
Ik  i(  k  2  Lft^ 
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Latitude  nc  the  time  of  the  true  Ncw-Moon  ; 
and  lee  this  way  of  the  Moon  from  the  Sun, 
defin'd  frr  the  New-Moon  or  Mean  Eclipfe,  be 
fuppos'd  to  continue  during  the  whole  Eclipfe ; 
which  indeed  nearly  happens :  But  if  we  wou'd 
go  on  more  cxaftly,  we  muft  draw  it  a  new  in 
other  Diftanccs  of  the  Moon  from  the  Node, 
prom  Tdraw  T'K  perpendicular  to  /ft  ■  and  V 
will  be  the  Point,  to  which,  when  the  Center 
of  the  Moon's  Penumbra  is  come,  it  will  be  the 
leaft  diftant  of  any  from  the  Center  of  the 
Difc,  and  run  upon  the  Earth  moft  of  any  ;  as 
has  been  (hewn  in  'the  foregoing  Vroo.  More- 
over (  from  Vrof.  %.  El.  j.)  r  is  alfo  the  middle 
of  that  part  of  the  Right  line  si  I,  iijiich  lies  in 
the  Circle  DCG,  or  any  other  concentric  to  it; 
and  therefore  it  is  fuch,  that  the  Center  of  the 
Penumbra  is  found  in  it  in  the  middle  of  any 
Eclipfe  of  the  Earth,  which  lafts  as  long  as  the 
Center  of  the  Penumbra  is  in  running  thro'  the. 
Right  line  ^B,  fuppofing  Tj  to  exceed  TR  by 
the  Excefs  AC,  equal  to  the  Semidiameter  of  the 
penumbrous  Circle ;  and  alio  fuch  as  the  Cen- 
ter of  the  Penumbra  may  be  found  in  it  in  the 
middle  time,  that  the  Center  of  the  Penumbra 
going  thro'  the  Right  line  £  F,  produces  the  total 
and  central  Eclipfe  ofthe  Sun  in  feme  part  of  the 
Earth.  Therefore  theProblem  comes  to  this,  that 
the  Point  of  Time  be  determin'd  when  the  Cen- 
ter of  the  Penumbra  is  found  in  F.  For  doingof 
which,  find  (by  Prop.  51.)  the  Time  of  the  true 
Conjundion,  which  is  in  N;  and  when  in  the 
Triangle  Tl^N,  befides  the  Right  Angle  at  V, 
you  have  the  Side  TN,  and  (by  Prop.  ;6.)  the 
Angle rjVr,  you  willfind  NFinthe  famepartsin 
whichTNorTR  is  given;  that  is,  it  will  be  known 
what  Angle  ac  the  Eye  is  fubrended  by  NK 
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But  from  the  given  horary  Motion  of  the  Sun 
and  Moonj  the  Moon's  horary  Motion  fromthe 
Sun  is  given,  or  the  Arc  which  the  Moon,  go- 
ing from  the  Sun,  runs  thro'  in  the  fpace  of  an 
Hour,  thatis,  iheTimenecelTary  for  the  Moon 
to  move  from  the  Sun,  thro'  a  given  Arc  ; 
therefore  the  Time  will  be  known  which  is  re- 
quir'd  for  the  Moon  to  move  from  the  Sun  thro' 
fubtending  an  Angle  fubtended  by  the  Right  line 
N  F,  that  is,  that  the  Center  of  the  Lunar  Pe- 
numbra may  run  thro'  the  Right  line  Nf^upon 
the  Difc  of  the  Earth ;  that  is,  laftly,  the  Time 
between  the  moment  of  the  true  Conjuniftion, 
and  the  moment  of  the  middle  of  the  EcHpfe, 
in  refpcift  of  the  whole  Earth  j  therefore  the 
firft  being  given,  the  laft  will  alfo  be  given :  For 
the  moment  of  the  Sun's  Mean  Eclipfe,  (or  of 
the  middle  of  the  Eclipfe^' in  refpeft  of  the 
whole  Earth,  and  alfo  that  of  the  Moon's  Mean 
Eclipfe,  goes  before  the  true  ConjmSion,  when 
the  Sun  and  the  Moon  have  juft  pafs'd  either  of 
the  Nodes,  but  follows  it  when  the  Luminaries 
are  not  yet  come  to  the  Nodes.  To  fiod  this 
Time  more  readily  we  muft  make  ufe  of  the 
Tables  of  the  Time  between  the  true  Syzygy 
and  the  greateft  approximation  of  the  Centers 
of  the  Difc  and  of  the  Shadow,  of  which  we 
IJjokein  Prop.  ^7. 

Now  havmg  found  the  Time  of  a  Mean  E- 
clipfe,  it  will  be  eafy  to  define  the  Beginning 
and  the  End  of  every  fort  of  Eclipfe,  or  the 
moments  when  the  Moon's  Penumbra  firfl: 
cotnes  at,  and  laft  of  all  leaves  the  Difc  of  the 
^.Earth.  For  in  the  rectangular  Triangle  T'fV/, 
rou  have  given  the  Sides  T^,  TA,  the  firft  of 
hem  before  found,  and  the  laft  made  up  of  the 
icmidiameters  of  the  Difc  and  of  the  Penum- 
K  k  k  ;  bra 
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bra  before  determin'dj  and  therefore  ^f  will 
be  given,  and  thence  as  before,  from  rhe Moon's 
horary  Motion  from  the  Sun  you  will  find  the 
Time  requir'd  for  the  Penumbra's  Center  to  run 
over  it ;  that  is,  half  the  Duration  of  every 
itind  of  Eclipfe;  and  ^s  the  moment  of  the 
Mean  Eclipfe  is  given,  the  Beginning  and  End 
cf  it  are  known.  The  Semi-mora  or  half  the 
Duration  of  rhe  whole  Penumbra  in  the  Difc 
of  the  Earth,  will  HJtewjfe  be  found,  ifinftead 
of  TA  the  Sum  of  the  Semidiameters  of  the 
Difc  and  of  the  Penumbra,  you  take  their  Dif- 
ference, juft  after  the  fame  maimer  as  it  is  done 
in  the  total  Immerfion  of  the  Moon  in  the 
£arch's  Shadow  in  total  Eclipfes  of  the  Moon. 
But  the  Semi-mora  of  the  Center  of  the  Pe- 
numbra between  the  Earth's  Difc  (or  of  the 
whole  Shadow,  which,  as  it  is  always  Dea- 
der, fomctimes  none  at  all,  is  look'd  upon  as  a 
Center)  is  found  by  inveftigating  Ef  from  the 
given  Lines  TE,  TV,  and  the  time  requir'd  for 
ihe  Center  of  the  Moon's  Shadow  to  go  over 
it,  as  before.  But  becaufe  the  Moment  of  the 
mean  or  middle  of  the  Eclipfe,  and  half  the 
Duration  of  the  Center  within  rhe  Difc  are 
known,  the  Time  will  alfo  be  known  when  the 
whole  Shadow  comes  at  or  leaves  the  Earth  j 
that  is,  when  the  Sun's  total  Eclipfe  begins  or 
ends  to  an  Inhabitant  of  the  Earth. 

CORO  L  L  ART. 
Hence  you  have  all  the  Angles  of  the  rediline- 
al  Triangles  ATM,  ETH,  VT N,  FTN,  and 
BTN,  and  from  hence  alfo  fuch  a  Scheme  of  the 
Eclipfe  of  the  Difc  of  the  Earth,  as  this  which 
we  talk  of,  will  be  ex^jdly  defcribcd  upon  a 
Plane;  as  was  done  of  the  Moon's  Eclipfe, 
ConLo 
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Cerol.  2.  Frop.  j9 :  For  the  4;d  Figure  is  the  ve^ 
ry  Scheme  requir'd ;  rherefore  that  Scheme  will 
be  rightly  drawn.  And  as  it  is  known  what 
parts  of  the  Right  line  ^l  the  Center  of  the 
Moon's  Shadow  will  go  thro'  in  the  Space  of 
an  Hour,  and  what  a  Clock  it  is  in  a  given  place, 
when  the  !aid  Center  is  azNoc  y  or  any  other 
Point  given  in  Si  I;  it  is  plain  that  if  we  afcribc 
to  the  Points  of  this  Line  rightly  drawn,  the 
Numbers  by  which  the  Hours  are  exprefs'd  in  a 
given  Place,  the  Scheme  requir'd  will  be  per- 
fcd  for  a  given  Place. 

Proposition  XLIII. 

TO  determine  the  ^antlty  of  a  Solar  EcHpfe  in 
rejfcii  of  a  SpeBaror  upn  the  Earth  ■within 
the  Penumbrous  Circle,  which  is  a  Selfion  of  the 
Moon's  Penumbra  by  the  Difc  of  she  Earth,  when 
the  [aid  Tenumhra  is  in  a  given  Place.  [Fig.  44.] 
Let  £  FG  be  a  Circle  dividing  the  Hemifphere 
of  the  Earth,  which  is  enlighren'd  by  the  Sun 
■  from  the  darken'd  one,  whofe  Plane  tiierefore 
is  the  fame  with  the  Plane  of  the  Difc  menti- 
oned before.  Let  KT^  reprefent  the  Ecliptic 
on  this  Plane ;  /  NV  the  Way  of  the  Center  of 
the  Moon's  Penumbra  j  N  the  Point  to  which 
when  the  Center  of  the  Penumbra  is  come, 
there  is  a  true  New-Moon.  Let  A  be  put  for 
the  Center  of  this  Penumbra,  at  a  certain  Poinc 
of  time  when  the  Shadow  goes  thro'  the  Right- 
line /U,  and  the  Penumbrous  Circle  At^X; 
A  N  will  be  that  part  of  the  Journey  of  the  Pe- 
numbra which  will  be  perform'd  between  that 
point  of  Time  and  the  moment  of  the  true 
Conju(!lion,  which  will  happen  when  that  Cen- 
ter will  be  Come  to  N.  Let  us  fuppofe  the  Ob-. 
feivec  plac'd  within  this  Circle  as  at  0,  or  ra- 
K.  k  k  4  thcr 
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ther  in  a  Point  of  the  enlighten'd  HemifphericaB 

Surface,  which  is  fliewn  by  a  Right  line  let  fall 
from  O  perpendicular  to  the  Plane  of  the  Dii'c; 
and  we  muft  find  what  part  of  the  Sun's  Diame- 
ter is  cover'd  from  the  forefaidObferver.  Let  the 
Right  line  ^0  be  drawn  and  produc'd  till  ic 
meets  with  the  Circle  M^X  at  M;  I  fay  that 
that  part  of  the  Sun's  Diameter  which  is  cover'd 
by  the  Moon  is  to  the  whole  Diameter  as  OM 
to  AM.  For  if  the  Obferver  was  at  M,  the 
Moon  wou'd  cover  no  part  at  all  of  the  Sun's 
Diameter  from  it  ;  but  as  the  Obferver  goes  gra- 
dually towards  A  the  Center  of  the  Penumbra, 
a  greater  and  greater  part  of- the  ."^un's  Dia- 
meter is  cover'd  from  it  by  the  interpolition  of 
the  Moon,  till  at  laft  when  it  is  come  to  the 
Center  W,  the  whole  Sun  (  that  is,  its  whoI& 
Diameterj  is  cover'd  by  ic,  if  the  Sun's  apparent 
Diameter  does  not  exceed  the  Moon's  apparent 
Diameter,  (which  I  here  iuppofe,  and  which 
commonly  happens  in  their  mean  Magnitudes) 
and  the  Vertex  of  the  total  Shadow  of  the 
Moon  reaches  as  far  as  the  Earth,    or  the  pe- 

,  numbrous  Circle  M^X  has  icsCenter  perfedly 
and  totally  duik ;  And  therefore  if  the  Sun's 
Diameter  be  divided  into  Twelfth  parts,  trcm 
the  given  Ratio  between  AM  and  OM,  which 
i;  known  from  the  given  Situation  of  the  Place 
between  the  Circle.  ^^A",  you  will  have  the 
Twelfths,  or  Digits,  and  parts  of  Digits  of  the 
Suri's  darken'd  Diameter  in  rcfpeia  to  the  Oih 
ferver.  , 

Buc  if  totheCircleA/A*^(in  the  2'^4.^'^J]g.)hQ 
concentric,  the  little  Circle  B  C  which  is  either  . 
wholly  dark,  or  not  altoperherdark,   but  more 
_obl"cure  th.m  the  reft  and  that  equally ;  that  is,  if 
'  the  Center  or  Point  of  the  Moon  s  Sludo  w  be  ei. 
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I   ther  extended  beyond  rheSpcAator,  orfallsfhort 
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ther  extended  beyond  theSpcAator,  or  falls  fhort 
of  him,  infteadof^Af  you  mufl:  in  the  firft  cafe 
take  BM,,  the  Difference  of  the  Seniidiamecers 
AMzn&  AB;  in  the  latter,  CM  their  Sam, 
'visL.  the  Sun's  whole  Diameter  is  to  its  paits 
cover 'd  by  the  Moon  at  O  in  the  firft  cafe,  as 
BM  to  OMj  and  in  the  latter  cafe,  as  C  M  to 
OM.  For  in  the  firft  cafe  the  Spef^ator  at  jff 
will  fee  the  whole  Sun  cover'd  by  the  Moon, 
in  the  latter,  theSpeftator,  plac'd  a:  y^  will  fee 
a  bright  Circle  which  is  the  remainder  of  the 
Sun's  Difc,  encompaffing  the  dark  Moon,  like  a 
Crown,  whofe  apparent  Latitude  is  equal  to  the 
Semidiameter  "'of  the  Sun,  when  the  Semidia- 
meter  of  the  Moon  is  taken  from  it,  which  is 
the  fame  as  the  Semidiameter  AB,  feen  from 
the  Moon  ;  and  the  Spe<aator  muft  be  at  C,  to 
iee  the  Margin  of  the  Moon  touch  the  inner 
Difc  of  the  Sun.  Therefore  the  Quantity  of 
the  Sun's  Eclipfe  is  determin'd  in  every  cafe. 
^.  E,  F. 


i 

I 

I^ROPOSITION    XLIV.-  ■ 

TO  give  an  account  of  the  chief  Vhanomtna  of  a  ■ 

Solar  Eclipfe,  and  to  defcribe  the  Places  of  the  " 

Earth  where  they  will  hnfpen,  wbiljt  the  Shadow  of 
the  Moon,  in  an  Ecliptic  NewMoon^  goes  along  the 
Earth.     [Fig.4y.] 

Let  CGD  reprefent  the  Globe  of  the  Earth, 
revolving  from  Weft  to  Eaft  by  its  Diurnal  Mo- 
tion upon  thePolePand  the  other  Pole  which  is 
I  hid,  or  turning  from  C  upwards  towards  G.  Let 
the  HenufphereofthisGlobe,feen  in  the  Scheme, 
be  that  which  is  enlighcen'd  by  the  Sun,  therefore 
the  Sun  wjll  direAly  and  perpendicularly  ftiine 
on  the  Circle  CDG  whofe  Pole  is  5.  Thro' the  fl 

PoleP  and  che  Point  S  let  FSR^  an  unmovable  H 

Circle  ■ 
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Circle  be  fuppos'd  drawn  without  the  Earth's 
Surface,  and  alfo  iCSr  another,  i/jai.  the  com- 
mon SeAion  of  the  Plane  of  the  EcUpcic  with 
the  Surface  of  the  Earth,  ZSX  another,  at 
Right  Angles  to  this,  both  thefe  being  alike 
jix'd,  between  which  the  Earth  performs  its  Di- 
urnal Revolution.  It  is  certain  that  it  is  Noon 
at  efrery  place  of  the  Earth,  when  it  is  come  to 
that  half  of  the  Circle  PSR  which  is  here  vifi- 
ble,  becaufe  the  Sun  is  in  the  Plane  of  it.  Let 
^B  reprefent  the  Journey  of  the  Center  of  the 
Moon's  Penumbra,  defcribing  the  Track  ENF 
«n  the  Surface  of  the  Earth  ;  Tho'  the  Hemi- 
iphere  of  the  Earth  which  is  enlighten'd  by  the 
Sun,  and  confequently  has  Day,  be  fuppos'd  to 
be  rab'd  up  above  the  Surface  of  the  Scheme, 
yet  the  Way  ASri,h  conceiv'd  to  be  gone  thro' 
by  the  Center  of  the  Penumbra,  on  the  Plane 
of  the  Difc,  upon  which  the  faid  Hemifphere 
iJands.  Moreover,  tho' PSS,  KST,  ZSJ^^ht 
Circles  in  the  faid  enlighten'd  Hemifphere,  crof- 
fmg  one  another  in  S,  the  Point  direftly  under 
the  Sun,  they  alfo  reprefent  the  Right  dines 
upon  the  Difc  of  the  Earth,  dire  Aly  under  thefe 
Circles,  namely,  thofe  which  are  the  ortho- 
graphical Projediion  of  thefe  Circles,  when 
the  Eye  is  fuppos'd  in  a  diftant  Point  of  the 
Right  line  which  joins  the  Centers  of  the  Earth 
snd  Sun. 

It  is  plain,  that  when  the  Center  of  the 
Moon's  Penumbra  is  come  to  A  (namely,  when 
the  penumbrous  Circle  touches  the  Difc  of  the 
Earth  in  C)  the  Eclipfe  of  the  Sun  will  begin 
to  an  Inhabitant  at  C:  Now  he  that  is  at  C  by 
the  Diurnal  Revolution  of  the  Earth,  begins  to 
enter  the  enlighten'd  Hemifphere ;  that  is,  the 
Sun  rifes  to  him ;  therefore  to  the  Inhabitant  of 
the 
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ie  Earth  C,  whom,  firft  of  any  Inhabitant  of 
:the  Earth,  the  Penumbra  reaches,  the  rifing 
Sun  will  firft  of  all  appear  to  be  Eclips'd  in  its 
Upper  or  Weftern  Limb  or  Edge.  When  the 
Center  of  the  Penumbra  it  felf  comes  to  the 
Earth  at  E,  an  Inhabitant  at  E  fees  the  riling 
Sun  totally  Edips'd,  becaufe  he  is  under  the 
.Center  of  the  Penumbra.  He  that  lives  upon 
that  Point  of  the  Earth,  where  the  whole  Pe- 
numbra, receiv'd  within  the  Difc  of  the  Earth, 
(if  that  happens)  touches  it  within,  will  perceive 
I  an  Eclipfe  of  the  Sun  to  end  at  the  lower  Limb 
of  the  rifing  Sun  i  So  he  which  is  in  that  Point, 
where  the  Penumbra  does  laft  of  all  touch  the 
"Difc  within,  as  it  is  ready  to  go  out  of  it,  will 
perceive  the  Eclipfe  of  the  Sun  to  begin,  as  the 
Sun  Sets.  We  have  not  exprefs'd  thofe  Two 
.   Cafes  in  the  Figure,  left  we  Ihou'd  make  a  con- 

,  ,full0IL 

When  the  Center  of  the  Penumbrous  Circle 
is  come  to  ZS  X,  which  is  a  Right  line  perpen- 
dicular to  the  Difc  of  the  Ecliptic,  or  when 
the  Axis  of  the  Moon's  Penumbra  is  at  N  come 
to  the  Circle  ZSX,  which  anfwers  to  the  afore- 
faid  Right  line,  it  being  the  Diameter  of  it;  a 
Point  of  the  Earth's  Surface,  which  is  under  the 
Point  jV  of  the  Circle  ZSX,  has  a  Central  E- 
clipfe  of  the  Sun,  and  (^o  a  Speftator  at  JVor  a- 
ry  other  Point  of  the  Circle  Z  SX  the  Sun  ap- 
pears in  the  higheft  Point  above  the  Horizon. 
For  fince,  by  (iippofition,  the  Circle  2  >Y  goes 
thro'  the  Zenith  of  the  Spe<aator,  it  will  be  per- 
pendicular to  this  Horizon:  But  it  is  alfo  per- 
pendicular to  the  Echptic  at  S  j  and  therefore 
(by  Elem.  Spheric.)  is  a  whole  Quadrant  diftant 
from  the  faid  concourfe  of  the  Ecliptic  and  the 
Horizon.  £ut  half  the  Ecliptic  (becaufe  it  is  a 
great 
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great  Circle)  is  above  any  Horizon,  whence 
ZZ  meets  with  the  Ecliptic  in  aPointdiftant 
from  the  Eaft  Point  a  whole  Quadrant,  or 
the  highelt  Point.  Therefore  an  Inhabitant 
of  the  Earth  which  is  then  at  the  Point  of  the 
Earth's  Surface  at  N,  fees  the  Sun  centrally  E- 
clips'd  at  the  90'''  Degree:  But  he  that  lives 
from  N  towards  Z  or  X,  but  in  the  Circle  ZSX,* 
does  indeed  fee  the  Sun  Eclips'd  at  its  90'h  De-* 
gree,  if  he  dwells  within  the  Limits  of  the  pe- 
numbrous  Circle ;  but  more  or  lefs  according  to 

■  his  greater  or  lefs  diflance  from  N,  as  has  been 
fliewn  in  the  foregoing  Propofifion.  Likewjfe 
when  the  Center  of  the  Penumbra  comes  to  the 
immovable  Circle  P5R  at  M,  an  Inhabitant  of 
the  Earth,  which  is  under  it,  fees  the  Sun  E- 
clips'd  juft  at  Noon  :  But  thofe  that  live  from 
/W  towards  either  Pole  under  the  faid  Meridian 
FR,  fee  the  Sun  at  Noon  in  a  Partial  Eclipfe, 
if  ihey  are  within  the  Limits  of  the  Penumbra. 
-And  he  that  is  remov'd  from  M  towards  the 
North  Pole  P,  fees  the  Sun's  Southern  part  E- 
clips'd,  and  fo  on  the  contrary;  which  alfo  hap- 
pens in  the  firfl  caf&,  and  univerfalty  in  all  cafes. 
At  laft  the  Center  of  the  Penumbra  being  come 
to  F  the  end  of  the  Difc,  the  Speiftator  which 
at  the  fame  time  is  at  that  Point,  fees  the  fetting 
■Sun  (  becaufe  being  ready  to  change  Day  for 
Night,  he  goes  out  of  the  enlighten'd  into  the 
.darkned  Ilemifphere  )  centrally  Eclips'd,     But 

.  lie  that,  being  at  D,  receives  the  lafl  Stroke  of 
■the  Moon's  Penumbra,  fees  the  fetting  Sun  as 
at  were  contiguous  to  the  Moon  in  its  upper 
limb,  and  the  end  of  the  Eclipfe,  be  it  of  what 
kind  it  will. 
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Proposition  XLV. 

TO  determine  the  fUce  of  the  Earth  (that  is,  iti 
Longitude  and  Latitude^  -miitre  the  r'ljing  Sun 
'appears  to  be  Eclip'd  in  its  upper  Limb.  [Fig.  46.^ 
Things  being  as  before,  the  Longitude  and 
Latitude  of  the  Point  C  is  to  be  determin'd. 
Let  the  great  Circle  SC,  which,  in  this  as  well 
as  in  the  foregoing  Figure,  appears  as  a  Right 
line,  be  drawn  thro'  the  Point  of  the  Earth  5, 
to  which  the  Sun  is  perpendicular,  and  thro' 
the  Point  C.  Draw  alfo  PC,  FZ  Arcs  of  great 
Circles.  In  the  Spherical  Triangle  Pi  ,Z,  you 
have  three  Sides  given,  viz..  PS,  the  diftance 
of  the  Sun  from  the  enlighten'd  Pole,  SZ,  a 
Quadrant,  flndP5,  the  diftance  of  Z,  the  Pole 
of  the  Ecliptic  (becaufe  the  Arc  5  Z  is  perpen- 
dicular to  the  Ecliptic  iv5Tand  extended  to  a, 
Quadrant)  from  P  the  Pole  of  the  Equator; 
therefore  the  Spherical  Angle  between  the  Arcs 
SP,  SZ,  is  known,  being  the  fame  with  the 
reiftiUneal  Angle  between  the  Right  lines  5P, 
SZ  drawn  in  the  Plane  of  the  Dlfc ;  as  general- 
ly the  Angle  in  the  Surface  of  a  Sphere,  is  equal 
to  a  redilineal  Angle,  which  the  common  Se- 
ttionsof  the  Planes  of  Circles,  comprehending 
a  Spherical  Angle,  make  on  a  Plane  perpendi- 
cular to  both  of  them.  Moreover  (  by  Corel, 
Trap.  42J  the  retftilineal  Angle  NsAand  ZSC 
on  the  other  Side  of  it  are  given,  and  therefore 
alio  PSC  the  Sum  or'Difference  of  it  and  o£ 
ZSP,  or  the  Spherical  Angle  on  the  Surface 
of  the  Earth,  comprehended  by  the  Circles 
SP,  SC:  Now  in  the  Spherical  Triangle  PCS 
befides  the  Angle  PiSC  lately  found,  you  have 
the  Sides  SP,  SC,  of  which  the  iaft  is  a  Qua- 
drant, and  the  firft  the  diftance  of  the  Place  C 
frow 


( 
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from  the  Pole  P,  that  is,  the  Complement  of  ici 
Latitude  ;  therefore  the  Angle  Sl'c  will  alfo  be 
■given,  in  this  Triangle.  But  i  by  I'rop.  42.)  the 
Time  is  given  when  the  Moon's  Penumbra  firfl 
tonches  the  Difc  of  the  Earth  at  c,  reckon 'd  in 
feme  determinate  Place  ;  Let  this  Pljce  be  Hj 
whofe  Meridian  is  P  H;  therefore  the  Angle 
5PHwill  be  given,  namely,  that  by  which  the 
Sun  has  already  pafs'd  the  Meridian,  or  is  fhort 
of  it.  Therefore  H  i' C,  the  Sum  or  Difference 
cf  the  Angles  CP  5,  HPS,  will  be  given,  which 
flPC  is  the  Difference  of  the  Meridians  of  the 
Place  C,  and  the  given  Place  H.  Therefore 
ttie  Longitude  and  Latitude  of  the  Place  is  found. 

You  may  after  the  fame  manner  find  a  Place, 
,  ♦i'here  the  Setting  Sun  is  Eclips'd  in  its  tippet 
Limb,  which  the  Moon's  Penumbra  leaves  laft 
of  any. 


Proposition  XLVt 


TO  Jtttrmine  what  Place  i»  the  Earth  is  un, 
the  Center  (f  the  Moon's  Penumbra  at  a  give 
Houfy  or  IB  which  the  Sun  is  eetttraUy  EcUps'J  at  a 
given  Time.     [Fig.  47.] 

Things  remaining  as  before,  fmce  the  Place 
where  the  Sun  appears  centrally  Eclips'd  Is  re- 
quir'dj  and  the  Time  of  fuch  an  Eclipfa  is  gi^en^ 
as  well  as  the  Time  of  the  true  Conjuniiion, 
by  proD.ji.  this  Interval  is  given,  and  therefore 
from  trie  Sun  and  Moon's  Horary  Motion,  the 
Moon's  Motion  from  che  Sun,  agreeable  to  that 
Interval,  is  alfo  given.  Whence  it  happens, 
that  in  the  reiftilineal  Triangle  S  Kyi,  defcribed 
in  the  Earth's  Difc,  you  have  (by  Prcf.  36.)  the 
Angle  5  W^  equal  to  the  Angle  comprehended 
between  the  Circle  of  Latitude  and  the  Way  of 
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the  Shadow,  the  Side  SN  Sine  of  the  Moon*» 
M.atitude  in  the  trueConjunftion,  andANtho 
■JBlotion  o£  the  Center  of  the  Penumbra  agree 
Kble  to  the  Interval  between  the  propos'd  Timi 
and  the  Time  of  the  true  Conjunftion  ;  there- 
fore the  Side  SA  and  the  Angle  ASN  will  be 
given,  or  its  Complement  to  two  Right  Angles: 
But  Z  SP  is  given  (as  was  fhewn  in  the  forego- 
'ing  ?rcp.)  therefore  you  will  alfo  have  the  redi- 
lineal  Angle  PS -.4,  and  the  Spherical  Angle  upon 
theEarth's  SurfaceP5^  which  is  equal  to  it.  You 
have  alfo  the  two  Sides  5W,  S?  of  the  Spherical 
Triangle  PSA,    this  laft    equal  to   the  Sun's 
Diftance  from  the  Pole  F,  and  the  firft  will  be 
found  after  the  following   manner:    To  the 
Right  lines  5C,  S//,  drawn  on  the  Plane  of  the 
Difc,  anfwer  upon  the  Spherical  Surface  Two 
Arcs  beginning  from  the  Point  S,  which  is  di- 
reftly  under  the  Sun,  of  wliich  5C  is  a  Qua- 
drant, 5  ^  is  an  Arc,  whofe  Right  Sine  is  the 
Right  line  S^j  therefore  the  Arc  SA  fide  of 
the  Triangle  PSA,  is  that  whofe  Sine  is  to  the 
whole'Sine  as  the  given  Right  line  SA  is  to  the 
givenSC;  and  therefore  the  Arc  5^  is  known. 
Therefore  in  the  Triangle  FSA  you  will  know 
PA  the  Complement  of  the'requir'd  Latitude  of 
the  Place  A,  and  alfo  the  Angle  S  FA.    But  fines 
the  Time  is  given,  as  reckon'd  in  the  determi- 
race  Place  H,  the  Angle  SFH  is  given  j  there- 
fore you  will  alfo  have  the  Angle  HP  A,  which 
is  the  Difference  of  the  Meridians  of  the  decer- 
min'd  Place  H  and  of  the  requir'd  Place  A. 

You  may  after  the  fame   manner   find  the 

Place  of  the  Earth,  where  the  Sun's  cenrral  E- 

clipfe  happens  in  the  90'^''  Degree  of  the  Eclip- 

.  Uc  from  the  Eaft.    We  have  demonftrated  in 

ihe  44'''  Fro^-  that  that  happens  to  him  who  by 

the 


I 
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che  Earth's  Diurnal  revolution  is  brought  to  JV,' 
when  the  Center  of  the  Moon's  Penumbra  fallg 
on  that  Point:  And  we  have  (hewn  in  Pro/p.;!.  the 
Time  number'd  in  the  Place  H  when  this  hap- 
pens, ffor  it  is  the  fame  with  the  time  of  the 
true  Conjuniftion  of  the  Luminaries ; )  therefore 
this  is  only  a  particular  cafe  of  the  foregoing 
Problem. 


ir^P 


SCHOLIUM. 
Hence  therefore  is  dcfin'd  that  TraiS  of  Ea; 
,    which  the  Center  of  the  Moon's  Penumbra  goes 
thro'  in  the  Solar  Eclipfe  of  a  given  Month  j 
that  is,  all  the  Places  which  have  fucceflivelj"  - 
central  Eclipfe  of  the  Sun.    If  (by  Vro^.  4* 
you  would  know  in  what  Place  of  the  Earth 
rifing  Sun  is  centrally  Eclips'd,  and  then 
thcr  Place  where  it  is  centrally  Eclips'd  half 
Hour  or  an  Hour  after,  and  fo  on  til!  you  coi 
to  the  Place  where  the  Sun  is  EcUpfed  after  ; 
fcme  manner  as  it  fets;  thofe  Places  join'd 
a  Line  or  Lines  on  the  Earth's  Surface  will  flii 
that  requir'd  Tra(9;.     If  on  either  fide  abouc 
Line  you  draw  as  it  were  a  Zone  whofe  breai 
is  equal  to  the  Diameter  of  the  Moon's  Penui 
ira  ;  the  whole  Trajft  of  the  Earth  involv'd  S 
the  Penumbra  which  can  have  any  Eclipfe  of 
the  Sun  will  be  taken  in.    In  that  Trad  may 
ie  mark'd  the  Places  where  the  c\'  "  "'    " 
are,  as  where  the  Sun  is  Eclips'd  ii 
Degree,  and  where  in  the  Meridian, 
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pROPOSlTldN  XLVII. 
O  determine  tie  Place  in  the  Earth's  Surfacti 
whtre  the  Ecliffe  of  the  Suri  is  either  Total  c¥ 
Central,  er  ivhere  a  given  fart  of  its  Diameter  ro~ 
•wards  a  given  Polet  will  h  hid  hj  the  Moon  juP  at 
Ifovn.    [Fig.  48.] 

Things  remaining  as  before,  ic  appears,  thaf 
that  Point  of  the  Earth  which  comes  to  Ai,  to- 

t ether  with  the  Center  of  the  Moon's  Penum- 
ra,  will  have  an  Eelipfe  of  the  Sun  juft  at 
Koon.  In  order  to  find  it  outj  let  it  be  obferv'd, 
that  in  the  redilineal  Triangle  NMS,  in  the 
Difc  defcrib'd  as  before,  you  hate  given  (  by 
Trop.  ^6.)  the  Angle  SNM,  f  namely^  that 
twhich  the  Way  of  the  Moon  frotti  the  Sun  con- 
tains with  the  Circle  of  Latitude)  t^S  the  Di- 
flance  of  the  Centers  of  the  Difc  and  Penbm- 
bra,  at  the  true  Conjunftion,  and  the  Angia 
WSvV/ equal  to  the  Spherical  Angle  ZSF  in  ths 
!Spherical  Surface  contain'd  between  the  con- 
courfe  at  the  Sun,  ofSZ  and  PSR,  which  an- 
fwer  to  the  Ecliptic  and  the  Equator ;  whencei 
you  will  have  the  Right  line  NAI,  and  thefcford 
the  time  requii'd  for  the  Center  of  the  Penum- 
bra to  go  thro'  it  In  its  Motion  from  the  Sun  i 
But  the  time  reekon'd  in  a  given  Piacej  13  given^ 
In  which  thaE  Center  is  in  that  Point  N,  name- 
iy,  the  fame  with  the  Time  of  the  true  Con.i: 
juniftion  of  the  Laminaries  j  therefofe  alio  thd 
Time  number'd  in  the  faid.  Place  will  be  giVen^ 

kwhen  the  Center  of  the  Penumbra  is  in  M^ 
Find  therefore  by  the  foregoing  prop,  that  Place 
of  the  Earth  which  at  that  time  will  fee  the  Surt 
in  a  central  Eciipfe  ;  and  it  will  be  the  fame 
^.whieh  the  Sun  n  cemrally  Eclips'd  at  Noon^ 

1 1  L  S^poftf 
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Suppofe  that  about  the  Center  Af,  in  tho 
Plane  of  the  Difc,  there  is  defcrib'd  a  penuni- 
brous  Circle,  curting  the  Right  line  PSR  at  C 
and  D;  then,  as  the  Sun's  whole  apparent  Di- 
ameter is  to  a  given  part  of  it,  which  is  not  E- 
clipj'd  in  the  Phce  requir'd,  fo  lee  the  Semidl- 
ameter  of  the  Penumbra  be  to  MO,  And  let 
MO  be  taken  towards  the  Pole  oppofice  to  it  oa 
that  fide  where  the  Eclips'd  part  cf  the  Sun  is, 
(as  for  example,  if  the  bun's  Eclips'd  pirtHes 
towards  ths  hidden  Pole  in  Fig.  49.  let  O  be  ta- 
ken towards  P,  the  Pole  in  figlit ; )  the  Point  ort 
the  Earth's  Surface  which  a  Right  line  drawn 
from  O,  perpendicular  to  the  Plane  of  the  Difc, 
fliews,  will  be  the  Place  requir'd,  in  which  the 
Sun  juft  at  Noon,  in  a  given  part,  is  Eclips'd 
towards  the  Pole  oppofice  to  ?;  ?.s  ;;  is  plain  e- 
nough  from  the  4}''  and  44^'"  Piopoljrions.  If 
inftead  of  the  dark  Center  AI,  either  the  wholo 
Circle  be  totally  dark,  or  there  is  altLgether  nO 
total  Shadow,  but  a  Citcle  equally  enlighten'd, 
(as  in  Schol.  of  pyap.  ;;.)  inftead  of  the  Semidia- 
meter  MC  you  muft  take  the  Difference  or  the 
Sum  of  the  Semidiameters  of  the  Circle  C  D,  and 
another  interior  'and  concentric  to  it ;  as  it  has 
fceen  fhewn  in  the  faid  4;''  Prop.  To  find  the  Lati- 
tude of  that  Place05(forthe  Longitude  is  known 
from  knowing  the  Hour  in  a  given  Place,  when 
it  is  Noon  to  an  Inhabitant  at  O)  obferve  that 
the  Right  line  SjW  is  given,  namely,  a  fide  in  the 
TiianglsSNMy  alfo  MO,  each  of  theni  (and 
tlierefore  their  Sum  or  Difference)  in  parts  of 
S  Z,  the  Semidiameter  of  the  Difcof  the  Earth  ; 
therefore  you  will  aifo  have  the  Arc  which  is 
over  it  in  the  bnrface  of  the  Earth,  of  which  ; 
5  0 is  the  Sine:  But  the  Arc  SP,  viz.  rhe  IM-  y 
ftance  of  the  Sun  from  the  Pole,  V  is  given ;  and  ^ 
there-  !' 
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[therefore  the  Arc  PO  will  be  knowiij  and  its 
Complement  to  the  Quadraht  of  a  Circle,  i^ 
the  Latitude  of  the  Place  O,  which  was  re^' 
qviir'd.     ^E.  F. 

If  the  Point  O  falls  oiit  of  the  Difc  of  the' 
Earth  Jir^^rA',  the  Problem  is  impoffible.  Af^ 
ter  the  fame  manner  may  be  determin'd  the 
Place  where  the  EcHpfe  of  the  Sun  in  its  90^^ 
Degree,  or  of  it  Hfing  or  fetting,  is  of  a  giveri 
Quantity,  or  where  the  Sun  upon  agivenTimej 
feckon'd  in  a  given  Place,  IsEclips'd  a  determi- 
nate number  of  Digits.  In  the  laft  cafe  there 
are  innumerable  Places,  biic  in  estch  of  the  for-^ 
Iner  cafes,  there  are,  at  mofl  but  two,  whi<;h; 

■  anfwer  to  what  is  requir'd. 

pROPbSiTioN  XLVIli. 

TO  determine  ■whether  there  wiH  he  a  ■vijtHIe  £'' 
clipfe  ;'«  a  gt'uen  ?bie  of  fh  'Ijiattii,  on  the 
N(W~M(,o»  of  a  gt'ven  Month  \  'afid'.if  th^e  ti  orte^ 
10  determine  the  Time  of  the  trentcfi  (Sbfcuritfj  "and 
the  ^.tntisy  of  the  EcUffe,     t-I^ig;  49-]     , 

We  have  hitherto  confidcr'd  the  Sun's  Eclljif; 
in  refpeifl  of  the  whole  Harch,  (or  r3ther,  pro- 
perly fpeaking,  the  Eclipfe  of  the  Earth,)  Ah 
we  did  the  Moon's  before  :  Now  we  muft  cdh- 
fider  it  as  ic  is  feen  from  a  given  Place  of  the 
Earth's  Surface.  Since  the  time  that  Kefkr  gaVe' 
AftronomerS  the  Moon's  Shadow  otl  theEar.h's 
Difc,  to  be  lonk'd  upon  from  the  Lunaf  Hta- 
ten,  they  have  with  emulation  endeavolired  tt# 
deduce  an  Eclipfe  of  the  Sun,  viUble  in  A 
"iven  Place,  and  all  the  Phsrnotriena  attending 
from  the  fame  Scheme  of  the  Difc  of  the 
Earth,  over  which  the  Moon's  Penumbra  paffes. 
But  as  this  is  done  in  a  lefs  Geometrical  man- 
ner, (to  which  a  Trigonometrical  Cafculatiori 
L  1 1  *  eatt 
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can  -fcarce  be  applied  )  and  certainly  a  lefs  na- 
tural one,  and  (  as  Mr.  Dt  la  Hire,  who  makes 
ufe  of  ic,  confeffeff)  fomething  more  redious ; 
we,  according  to  (he  example  of  Kepkr  him- 
felf,  in  the  Rudolfb.  Tables  (who  certainly  knew 
how  f,!r  his  Invention  wou'd  reach]  fliatl  follow 
another  way,  ftiewn  by  Ftolemy  (in  the  6'^  Book 
of  his  Alm.-igefi.)  and  his  eSceUent  Interpreter 
Regionjcnianusf  that  it  may  alfo  be  known  to  the 
Reader  ;  at  the  fame  time  not  forgetting  to 
commend  the  Method  given  by  (he  ingenious 
Mr.  Flamfiead  in  his  DoBrlnc  of  Spherics,  by  which 
the  Solar  Eclipre,  or  the  coming  of  the  Moon 
to  the  fix'd  Stars  in  a  given  Place,  is  graphical- 
ly and  handforaely  procnicted,  the  Places  in  the 
other  Hemifphero  of  the  Earchj  mrn'd  from 
the  Sun  or  Star,  being  orthographically  proje* 
ded  on  its  great  Circle. 

Let  C  N  reprelent  the  Ecliptic,  S  the  S 
and  L  the  Moon's  true  Place  at  the  time  of  t1 
true  Conjun^ion;  find  (  by  Prop.  6j.  B.  z.)  the 
-  Sun's  and  Moon's  Parallaxes  in.  refpeft  of  their 
Longitude  and  Latitude,  by  which  their  Places 
in  the  Ecliptic  or  Diftances  from  the  EcHpcic 
may  be  correfted  ;  and  this  for  the  laid  Time, 
tho'  not  very  accurately  :  Then,  from  the  true 
foregoing  Places,  or  Places  feen  from  the  Cen- 
ter of  the  Earth,  Sand  A  feen  from  a  j>;iven 
Place  in  the  Surface  of  the  Earth  I'or  finiply 
feen,  as  chey  call  it)  will  be  had.  We  don'c 
make  the  Sun's  Place  differ  from  that  mention'd 
before,  to  avoid  Confulion  in  the  Scheme,  as 
well  becaufe  the  Sun's  Parallax  is  fo  fmall,  that 
it  may  well  be  overlook'd  in  this  Scheme,  and 
alfo  chiefly  becaufe  in  taking  the  Moon's  Paral- 
lax from  the  Sun  (  as  it  has  bi^en  ihewn  in  the 
U\d6}^Prop.  of  linokj.)  the  Line  NC  may  bo 
Id  ken  i 
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'  laken  for  the  apparent  Way  of  the  Sun,  or  for 
the  Ecliptic  a  Hide  irregular.  The  Moon'sap- 
.  parent  Place  y4  will  be  reduc'd  to  the  Ecliptic 
Cj  and  its  Latitude  JC.  Now  to  determine 
the  Point  in  which  the  Center  of  the  Moon 
will  appear  to  the  propofed  Spetftator  to  be  but 
little  diitant  from  the  Center  of  the  Sun,  that 
is,  when  the  greateft  Ohfciirity  (if  any  will  be) 
ihall  happen;  find  the  Situation  of  the  Moon's 
apparent  Way  from  the  Sun,  by  fceking  again, 
fram  what  has  bsen  laid  down,  (for  a  Time 
Kttle  enough  diftant  from  that  in  which  the 
Moon  appears  in  A)  the  Places  of  the  Sun  and 
Moon  as  they  appear  to  the  given  Obferver, 
and  imagining  the  Sun  to  be  drawn  back  to  its 
old  Place  S,  and  the  Moon  at  the  fame  time 
drawn  back  as  much.  The  Place  of  the  Moon 
fo  found  will  be  X,  and  being  reduc'd  to  the 
Ecliptic  will  Ihew  its  Longitude  at  D  and  its 
Latitude  KD.  Now  the  Arcs  CJ,  DK  and  CD 
being  given,  yoa  may  (  by  Lemma  of  Prop.  36.) 
determine  the  Situation  AN  of  the  Moon's  ap- 
parent Way  in  refpeft  to  the  Ecliptic;  namely, 
the  Point  Nof  concourfe  with  the  Ecliptic  and 
the  Angle  A  NC.  From  the  Sun's  Place  S  let 
SM  &ir  perpendicularly  upon  AN,  and  the 
Point  M  is  neareft  to  S  of  all  the  Points  in  .^iV: 
To  find  which  let  it  be  obferv'd  that  in  the  Tri- 
Lfcngle  NSM  befides  the  Right  Angle  at  M  the 
ISLngle  N  and  the  Hypothenufe  NSj  each  lately 
riound,  are  given,  whence  MS  and  MN will 
be  known;  therefore  alfo  xMA,  becaufe  the 
Arc  ^Nis  known.  Now  becaufe  ^isa  Point 
of  the  Lunar  Way  which  is  the  fartheft  diftant 
of  any  from  the  Sun  S ;  it  is  plain  that  if  a  pro- 
pos'd  Speiftator  is  to  have  any  Eclipfe  of  the 
iSun,  that  it  will  happen  when  the  Moon's  Csn- 
'^  LU  3  tcr 
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P*  ter  appears  to  be  in  M^  and  that  then  alfo  the 

m  greateft  parc'of  the  Sun's  Difc  will  he  hid  by 

I  the  Moqn  ;  an<J  "  >*  alio  p'ain,  that  if  the  be- 

I  fpre  {oMnd  SM  be  greater  or  equal  to  the  Sun 

■''  and    Mooq's  apparent   Semidi:imecers  SR  and 

■  jWH  together,  then  a  propos'd  Obferver  will 
I  have  no  Eclipfe ;  if  SM  be  !efs  than  SR  and 

■  MH  taken  together,  then  there  will  at  leaft  be 
I  fome  Eclipfe.  But  5  Ai  is  found  for  the  Me w- 
U  Moon  of  a  given  Moqth,  and  i  in  the  fame 

■  pares,  w::,  parts  of  a  Circle)  the  apparent  Di- 
I  ^meters  of  the  Sun  and  Moon  are  above  deter- 
I  min'd  ;  whence  it  may  be  defin'd,  whether  the 
m  New-Moon  of  a  given  Month  wjll  be  llqliptio 
I  or  no. 

I  If  there  is  to  be  any  Eclipfe,  in  order  to  de- 

I  ?crmine  its  Quantity,  we  muft  take  notice  that 

I  [j%-  JO-]  ^^  '*"'^  A/H" taken  together  :ire  equal 

E  '  to  MS  and  R  H  together :  If  therefore,    from  the 

■  known  Sum  of  the  Semidiameteis  of  the  Sun  and 

■  Moon  be  taken  the  known  Arp  SM,  there  will 
I  be  left  R  W,  pare  of  the  Sun's  Diameter  cover'd 
W  '  froni  the  Moon  at  the  time  of  the  greaceft  Ob- 
I'  fcurity,  which  is  eafity  reduc'd  to  Digits  and 
I  parts  of  Digits,  hecaufe  we  already  have  the 
\  Sun's  whole  Diameter  and  the  cover'd  part  of  it 
I  in  fuch  Digits, 

I  But  it  is  plain  from  Obfervation,  that  the 

P      Moon's  apparent  Diameter  is  lefs  (  or  perhaps 

I        the  Sun's  apparent  Diameter  is  greater)  when 

I       there  is  an  Eclipfe  of  [he  Sun,  than  at  the  lame 

diflance  from  it  when  there  is  no  Eclipfe,  (for 

reafons  (hewn  in  B.  i.  'prf.p.  ig.;  and  that  that 

pifference  is  al-out  the  6oth  pgjt  of  the  whole 

-        Diameter:  We  muft   therefore  have  regard  to 

L       this  Corredioh  when  we  define  the  Quantity 

B      and  Phafes  of  the  Eclipfe. 

B  Laflly, 
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Laftly,  to  determine  the  Time  that  tha 
Moon's  Center  will  be.  found  in  M,  let  it  be 
cbferv'd,  that  the  Time  is  given  (  becaufe  it  is 
taken)  that  the  Moon  by  its  apparent  Motion 
from  theSun  (compounded  partly  of  the  Moon's 
true  Motion,  partly  of  its  apparent  Motion  a- 
riiing  from  the  Parallax),  goes  thro'  the  known 
part^K  of  the  apparent  Way^JV,  or  rather  the 
known  Arc  CD  of  the  Ecliptic,  and  thatbefides 
there  is  given  the  Arc  ^A/,  namely,  the  Sum  or 
Difference  of  the  known  Arcs  yiN  and  AIN  ; 
whence  by  Analogy  you  will  have  the  Time 
neceiTary  for  the  Moon,  by  its  apparent  Moti- 
on from  the  Sun  to  go  chro'^M:  But  the 
Time  is  given  in  which  the  Moon  is  feen  in  ^; 
therefore  the  Time  will  alfo  be  known  when 
it  will  ?ppear  in  M,  where  it  hides  the  Sun  moll 
cf  all  fiom  a  given  Obferver.    ^  E.  F, 

For  the  Time  found  in  which  the  Moon  is  in 
Jlf,  find  again  the  Place  of  the  Luminaries,  to 
know  whether  all  is  rightly  perform'd,  or  whe- 
ther there  is  need  of  a  farther  Correilion. 

SCHOLIUM.  [F/^.4P-] 
In  the  foregoing  Operations  we  have  fuppos'd 
■the  Moon's  Motion  from  the  Sun  in  the  appa- 
rent Way  AN^o  be  equable,  which  is  not  true ; 
for  tho'  the  Moon's  Motion  from  the  Sun  in  hs 
(rue  Way  LB,  during  the  whole  time  of  the 
pclipfe,  differs  but  little  from  an  etjuable  one, 
yet  fince  there  is  a  Parallax  in  its  apparent  Mo- 
tion in  its  apparent  Way  (  as  has  been  fhewn  at 
large  in  the  Definitions  of  the  Parallaxes  Pros. 
■  4j.  B.  2.)  for  that  reafon  it  differs  very  little 
from  an  equable  one.  Therefore  for  the  deter- 
mination of  the  apparent  Way  JK,  you  mufl 
take  the  Time  after  that  the  Moon  has  been  in  /?, 
L  1 1  4  U 
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f  JfcUafcer  S;buttheTimebeforc,if  Cbebefore 
I   ^,according  to  the  order  of  the  Signs,  and,  as  far 
I    ps  we  can  conjecture,  almoft  equal  to  that  which 
I    the  Moon  mull  take  up  to  move  from  A  to  M  ^ 
I    which  will  be  nearly  equal  to  that  which  is  le- 
quir'd  for  the  Moon  by  its  Motion  from  the  Sun 
1    plong  the  Ecliptic,  to  run  thro'  the  known  Arc 
\    C5  J  for  they  only  differ  by  the  apparent  Mori- 
on arifing  from  the  Parallax. 
I        If  from  S  be  drawn  5  K  perpendicular  to  the 
'.    J.cliptic,  meeting  the  Moon's  apparent  Way  at 
V,  f  will  be  the  Point  where  the  Moon's  Center 
\    is,  at  the  Time  of  an  apparent  Conjunction. 
But  ^f'niay  be  thus  fpund  :    In  the  Triangle 
I     NSy,  befides  the  Right  Angle  N5K,  there  arc 
>  <  given  the  Side  NS  and  the  Angle  N ;  wherefore 
the  Side  NF  will  be  known  j  and  fmce  the  Arc 
NA  is  alfp  known,  yj  will  HKewife  be  found  j 
therefore  the  Time  neceffary  for  going  thro'  it 
wilt  be  known,  and  therefore  the  very  Moment 
of  the  apparent  Conjundion.    But  becaufe  the 
Points  M  and  V  are  very  little  diftant  from  each 
pther,  therefore  the  Time  of  the  apparent  Con- 
jundion  is  commonly  taken  for  the  Moment 
pf  the  greateft  darknefs. 

Proposition  XLXIX. 

TO  determine  the  Time  of  the  Beginning  and  End 
of  a  Solar  Eclipfe,  hafpen'ivg  upon  a  given 
Month  and  feen  in  a  gi-ven  Place,  and  Jtiew  what 
ils  whole  Duration  will  be.     £Fig.  f  r.] 

Things  being  as  before,  let  us  fuppofe  XR  to 
be  the  Moon,  going  on  its  Way  AN,  and  HR 
to  be  the  Sun  at  it:  It  is  requir'd  tp  find  the 
Time  when  they  will  be  in  thii  Pofition.  Le? 
5  and  L,  the  Centers  of  the  Luminaries,  b5 
joiu'dby  SL,  the  Arc  of  a  great  Circle.  In 
tho. 
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tfie  Triangle  S ML,  befides  the  Right  Angle  at 
Al,  you  have  given  the  Sides  5^-/,  SL,  the  firft 
of  them  determin'd  in  the  foregoing Propofirion, 
ijnd  the  laft,    the  aggregate  0F5R,  LR,  the 

[Semidiameters  of  the  Luminaries ;  therefore  the 
Arc  ML  will  be  known,  which  is  in  appearance 
to  be  run  thro'  by  the  Moon's  Motion  from  the 
5un  between  the  beginning  of  the  Eclipfc  and 
I    the  Moment  of  the  greaceft  Obfcurity  ,  known 
f    by  the  foregoing  Prop.)  happening  when   the 
Center  of  the  Moon  comes  to  A/:  Thereforo 
alfo  you  will  know  the  Quantity  of  its  corre- 
^ondent  in  the  Ecliptic,   viz,.  SE,  reckon 'd 
back  from  S.    In  order  to  determine  the  Time 
requir'd  for  this,  find  the  Time  affum'd  (which 
is  an  Hour  or  Two,  as  the  Duration  of  the  E- 
clipfe  is  great  or  fmall,  which  will  be  known 
from  the  greatnefs  or  fmalnefs  of  the  Arc  5  M; 
and  here  again  all  will  be  fo  much  more  exaA, 
as  the  Time  afium'd  comes  nearer  to  the  half 
Duration  of  theEcHpfe)  being  the  before  known 
Moment  of  the  greateft  Obfcurity,  the  appa- 
rent Places  of  the  Luminaries,  which  being  re- 
duc'd  to  the  Ecliptic  (the  Sun's  Place  being  car- 
ried to  S)  will  make  the  diftance  CS  reckon'd 
on  the  Ecliptic.    Knowing  then  the  Time  (be- 
caufe  it  is  taken)  that  CS,  the  known  Arc  of 
the  Ecliptic,  is  run  thro'  by  the  Motion  of  the 
Moon  from  the  Sun  j  you  will  alfo  know   the 
Time  in  wliich  another  known  one  ES  is  gone 
thro'  by  the  fame  Motion  of  the  Moon  from 
the  Sun ;  that  is,  the  Time  between  the  Mo- 
ment of  the  greateft  Obfcurity,  and  the  Be- 
ginning of  the  EcHpfe  ;    But  the  former  is  de- 
termin'd by  the  foregoing  Proportion;  there- 
fore this  latter  will  be  alfo  known. 
J 

If 


I 
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If  the  Moon's  apparent  Motion  was  equable, 
there  would  be  as  much  Time  requir'd  from  the 
Moment  of  the  greateft  Obfcurity  ro  the  end 
of  the  Eclipfe,  as  from  the  Beginning  to  the 
feid  Momeptj  fcecaufe  the  Right  line  MP  is 
equal  to  LM^  fuppofing  the  Moon  HT  to  toucf^ 
the  Sun  RH,  ac  the  End  of  the  Eclipfej  ^nd 
ihe  greateft  Obfcurity  wou'd  coincide  with  the 
middle  of  the  Eclipfe,  as  it  happens  in  the 
Moon's  Eclipfe,  where  there  is  no  Parallax  of 
the  Moon  from  the  Shadow  of  the  Earth  j  for 
they  touch  one  another.  But  becaufe  here  it, 
hapjiens  otherwife,  as  has  been  (hewn  in  the 
foregoing  Trof.  in  order  to  find  the  Time  of 
the  End  of  the  EcHpfe,  you  muft  repeat  the 
feme  Operations,  finding  What  a  Portion  of  its 
Way  the  Moon  goes  thro*  in  a  Time  taken  af- 
ftr  the  greateft  Obfcurity,  and  finding  by  Ana- 
logy how  much  Time  is  requir'd  for  the  Arc 
TM  ( equal  to  the  before  found  L  M)  to  be  gone 
thro'  by  the  Moon's  apparent  Motion  from  the 
Sun.  For  this  being  added  to  the  before  found 
Moment  of  the  greateft  Obfcurity,  will  give 
the  Moment  of  the  End  of  the  Solar  Eclipfe 
feen  from  a  propos'd  Place  i  And  knowing  the 
Time  of  the  Beginning  and  End  you  willkno" 
the  whole  Duration.    ^E.  F.     ' 

SCHOLIUM.  _ 

■  Whilft  the  greateft  part  of  the  foremention'd 
Triangles  is  refolv'd  by  Trigonometry,  they 
may  be  look'd  upon  as  Plane:  For  by  reafon  of 
the  fmalnefs  of  their  Sides,  the  part  of  the 
Spherical  Surface  which  they  take  up  diiFerl 
Utcle  from  a  Plane,  as  was  faid  before  in  the  hk'e 
cafe,  Vnf.  58.  And  this  gives  a  compendious 
Way  of  Calculating  EcJipfes  of  the  Sun,  which 


1 
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is  very  valuable,  becaufe  that  Calculation  is  of 
}t  felf  as  tedious  as  any  whatever,  upon  account 
of  the  Parallaxes  which  mull  be  fu  often  found  ; 
but  we  muft  be  cautious  how  we  ufe  this  fliorc 

Method.  .,, 

COROLLART.  '] 

Hence  alfo  may  we  exaflly  draw  a  Scheme 
of  a  Solar  Fclipfe  for  a  given  Place.  For  finc^ 
fo  fmall  a  part  of  the  Heavens  as  comprehends 
the  Sun,  (reckoning  the  fpace  it  takes  up  from 
the  beginning  to  the  end  of  the  EcUpfe)  may 
te  look'j  upon  as  3  Plane,  the  Ecliptic  CN  to- 
gether with  the  Moon's  apparent  Way  AN 
j[which  fometimes,  by  reafon  of  the  Parallax, 
will  fenfibly  vary  from  a  great  Circle,  or  a 
Right  line)  and  the  Points  S,  M,  L,  and  P, 
where  the  Sun's  and  the  Moon's  Centers  are  at 
the  faid  Times,  will  be  rightly  procrajfted  alfter 
the  common  Method:  And  defcribing  Circles 
about  the  Poinrs  S  and  M  whofe  Diameters  are 
proportional  to  the  apparent  Diameters  of  the 
Luminaries  at  that  Time,  and  are  taken  in  fuch 
parts  as  the  Portions  of  the  Eclipdc  and  the  ap- 
parent Way  were  before  taken,  you  will  have 
the  Sun's  Phalis,  at  the  Time  of  the  greateft 
Obfcurity.  And  as  (by  Trap.  56. B.  2.)  you  have 
the  Angle  which  theEcliptic  comprehends  with 
the  Sun's  Vertical,  and  the  Situation  of  the  Ver- 
tical in  refpeift  to  the  Meridian ;  if  the. Scheme 
above  drawn  be  inclined  to  the  Plane  of  the 
Meridian  and  to  the  Horizon  in  the  due  Angles 
already  found,  the  Scheme  of  the  greateft  Ob- 
fcurity will  be  perfeft.  Moreover,  if  the  Line 
AN',  reprefenting  the  Moon's  apparent  Way, 
be  divided  into  fuch  parts  as  the  Moon  appears 
[o  go  ihro'  in  Hours  and  parts  of  Hours  (all  the 
while 
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r^    .  ns'  rfeuts  i£ -acT iiercc- 

=t    .  rjtigpsmssz  ^^Jbtcsxinr,  of 
zc  i;rsgr?;iiiix  "^-         "«=  '^^1  vcncn  sr  :o  be 

r?n2    ..=        u^'-'Oij^  -^mpmirmm;       '/cm  vill 
:2r^  'SI  ^.^(^     ^..jic:   -sxi  i  ^fsus  igrseable 

.  .1  .ir  J  .nt^  -  .iici  .:3&  wjft  grrea  Hour  f^ 
.jwa  i^uiiiX  \  :a  ^"&^  i  Cljc&  with  a  Di- 
nicca  ^moaii. .-.  ^..-  »&fixxu»  ^sptrsar  Diameter; 
:r         in  - '^-1   .^  _r;;A  ;a«ar  :ae  Center  5, 

Till  i"  uiw   :ru*.^  •    ".-iiOSH  cu  'lae  .ScSptic^  vidi 
.-:^    Lcxu  ^  uttL'.)iD& coves  at  cfae 


•  Tiiw  -uwcu  .-iuOtikr,    25  3rjs(mrDe- 
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!c   "tcviic^ri  ::ic  txu*  f'^iygy  and  cfae 
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f  J  Proposition  L. 

r  r  I  1 0  give  the  rtofon  why  the  Lttnar  TahUs  h'sther^ 

'      _|      to   CaleuUted  fiieu'    the   Motni  Place   in  tH 

Kcllffet  of  the  Lum'mJries,  gtniraUj  mart  accurdtely 

to  amy  SyZjygiei   than  in  any  other  AfftBs^  tfyeciaSjf, 

than  in  the  ^edratures. 

Befides  that,  in  order  to  determine  the  Lu- 
I  nations,  the  Syzygies  of  the  Sun  and  Moom 
I  have  been  more  accurately  obferv'd  by  Aftro- 
'  Homers,  than  any  other  Phafes,  and  the  Moon's 
Place  in  refpeti  of  the  Sun  has  been  moft  nice- 
ly obferv'd  in  Eclipfes  of  the  Luminaries,  and 
thencea Theory  has  been  particularly  made  and 
fitted  for  finding  the  Moon's  Place  in  thofe 
cafes  by  Calculation ;  all  the  Monthly  Inequa- 
lities, whether  thofe  that  arc  to  be  made  up  in 
the  Syzygies  with  the  Sun,  or  thofe  that  afFe<£t 
the  Motion  of  the  Moon  and  its  Orbit,  ceafe 
in  the  Syzygies;  and  have  fenfible  EiFeds  in 
the  other  Afpeds.  But  all  of  them  fexcept  the 
Variation  alone)  are  neglefted  by  the  Conftni- 
ftors  of  Lunar  Tables,  as  has  been  ftiewn  in  tha 
igfhprop.  whence  we  fee  the  Reafon  why  the 
Moon's  Place  taken  from  thofe  Tables  is  more 
exact  in  the  Syzygies  than  in  any  other  Alped 
with  the  Sun.  For  all  thefe  Inequalities  be- 
come greater  by  how  mudi  the  Moon  is  farther 
remov'd  from  the  Syzygies,  fo  that  they  are 
greateft  when  the  Moon  is  in  the  Quadratures ; 
For  the  Apfes  of  the  Lunar  Orbit,  which,  ab- 
(blutely  fpeaking,  go  forward,  do  in  the  Moon's 
Quadratures  eiuier  go  back  or  at  leaft  go  for- 
ward more  Qowly,  by  Pro/i.  8.  Likewjfe  the 
■  Nodes,  whofe  abfolute  Motion  is  regrelfive,  go 
bnck  flower  when  the  Moon  is  in  Quadrature 
with  the  Sun,  by  Prop.  14.  And  the  £xcentri- 
city 
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city  of  the  Lunar  Orbit  is  lefs,  and  its  Inclina- 
tion ro  the  Ec'iptic  greater  (  by  the  iz"^!!  and 
ij-th  l>rt)f)ollcions)  when  the  Moon  is  in  Qua- 
drature with  the  Sun,  than  in  any  other  Afpeft, 
caterii  faribui  ;  whence  the  Lunar  Tables  hi- 
therto conrtruded  are  very  far  from  determiri-* 
ing  the  Moon's  true  Place  in  the  Sun's  Qmdra* 

?:re.  Again,  fince  thete  is  no  account  in  the 
ables  of  the  Moon's  greater Diftance  from  thi 
Earth  in  the  Quadratures  than  in  the  Syzygics, 
(of  which  we  have  treated  in  the  ±^  Prop,  and 
its  Corollaries,)  and  of  the  Moon's  Parallax  and 
apparent  Place  which  depend  upon  it,  thefc 
lait  are  not  propeHy  to  be  taken  from  the 
Tables. 

.  ^io^eover,  as  rhany  Inequalities  of  the  Moon 

Aepend  upon  the  Afpe^  of  the  Nodes  of  the 

Moon's  Orbit  with  the  Sun,  and  tho'  there  is 

notice  taken  of  them  in  feme  Tables  that  have 

fceen  liithefco  CDnftru<fted,  yet  it  h  not  doni 

with  the    greateft  exaftnefs:     Therefore  thj 

Moon's  Place  will,  even  froai  thefe  TableSj    _, 

had  more  accurately  when  thofe  Inequaliriei 

,  Ceafe;"but  they  ceafe  when  the  Nodes  are  in 

'  the  Syzygies;  for  (  by  Frop.  14.)  the  Nodes  are 

■  then  at  reft,  and  the  Inclination  of  the  Limits 

is  then  the  greateff,  by  prop.  ij.    Befides,  in 

the  Eclipfes  of  the  Luminaries  the  Nodes  arc 

at  a  ftand  in  or  near  the  Syzygies ;  hence  the 

rcafon  is  plain  why  in  thefe  the  Moon's  Place  is 

more  accurately  found  in  theTables:  For  the  Er- 

i  tors  of  the  Tables  in  the  various  regrefs  of  the 

i  Kodes,  and  the  variouis  Inclination  of  the  Lunar 

r  Orbit  to  the/l;/</^w«j  Orijj  according  to  the  varioui 

t^fpe^  of  the  Nodes  to  the  ^un  (which  are  cer- 

I4ainly  fo,  in  feme  meafure^ have  noPlacein'thii 

Ijafe.    For  at  the  Time  of  the  Eclipfes  there 
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is  a  Ceflation  of  the  Caufes  that  produce  thofc 
tnequalities  which  are  not  fo  exaaiy  fee  down 
in  the  Tables ,  and  therefore  the  Effe<fts  of  the 
Errors  of  the  Tables  in  ths  Moon's  Place,  for 
either  EcHpfe  (and  for  a  whole  Month  before 
and  after  either  Eclipfe)  by  being  .wrong  defin'd, 
alfo  ceafe.  Thcretore  fmce  in  che  Eclipfes  of 
the  Luminaries,  both  the  foremention'd  cafes 
obtain,  namely,  the  Moon  itfelf^nd  che  Nodes 
of  the  Moon's  Orbit  alfo  are  in  the  Syzygies, 
the  Mbon'S  Place  at  that  time  taken  out  of  the 
'Tables  (as  wanting  fewer  ^Equations  becaufe  ic 
is  liable  but  to  few  InequalitiesJ  will  be  more 
accurate  and  exaft  than  in  any  other  Situation 
or  Afpeft  to  the  Sun  of  the  Moon  or  its  Nodes^ 
where  there  are  Inequalities,  of  which  there  is 
~  no  account,  or  no  exa<A  one  ia  the  Tables. 
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Section  tX, 

Of  the  MotioM  of  Sxteltites  revolving  a- 
bout  other  Primary  Planets  bcftdcs  tha 
Earth. 

^IJ^ItO^OSItlOM  LI. 

ItiE  Difiance  ef  a  Primary  ptentt  from  the 
Sua  remjitihg  the  fame,  if  feveral  SeconJitry 
ts  nvohe  abmt  the  Trirtiary  one  in  Jtmilar  ex^ 
terUric  Oryns,  avd  Jiwilarly  inelin'd  to  the  Plane  is 
hvhich  the  Trimary  revolves  about  the  Sun,  aU  the 
'Angular  Errofi  in  the  Alofioit  of  the  SsteUitesy  feen 
from  the  Center  of  the  Primary^  and  generated  in  any 
Revolution  of  the  SuteHiteti  are  dlrtSly  ai  the  Sfuarei 
of  the  VerlodlcdTiTites  refpeSfivelj, 

Becaufe  all  Bodies  have  the  fame  acceleraring 
Force  towards  the  Center  of  the  Sun  or  that  of 
a  Primary  Planet  at  the  fame  Diftance  from  it, 
it  is  plain  that  fevetal  Secondary  Planets  revol- 
ving about  a  Primary  are  afFe<^ed  the  fame  way 
as  one  Secondary  Planet,  whofe  Orbit  is  dilated 
and  concrat^ed  as  much  as  the  Orbit  of  thofe 
different  Secondary  Planets  are  diftant  from 
each  other.  But  in  this  cafe  it  is  plain  (from 
Prop.  18.)  that  the  faid  Angular  Errors  feen 
from  the  Center  of  the  Primary,  and  generated 
in  every  Revolutiorij  are  direiftly  as  the  Squares 
of  the  Periodical  Times.  Whence  the  truth  of 
,  ths  Propofition  is  evident.    ^  E.  D. 


CO  RO  L  LART. 

Since  all  the  Errors  abovemention'd,  geni 

rated  in  the  diff«r?nc  Times  of  the  different 
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Revolucions,  are  as  the  Scjuares  of  the  fald ; 
Times;  thofe  that  are  generated  in  the  famtf  jh 
and  a  determinate  Time,  will  be  as  the  TimeS  1 
of  the  Revolutions  themfelves,  that  is,  as  thd.J 
Periodical  Times;  namely,  taking  away  ort  ? 
cither  fide  one  of  the  compounding  Ratio's^  / 
viz,,  the  fimple  Rdcio  of  the  Periodical  Times.  - 
But  Becaufe  fome  of  the  aforefaid  Errors^  1 
n&rnely,  the  Motion  of  the  Apfes  and  the  Nodes^  S 
is  fomecimes  in  anttct:dtnti.i,  fometimes  in  confer  M 
gueniia;  therefore  their  mean  Morions  made  id? 
fome  remarkable Titrte  towards  the  fame  parcs4 
M)ill  in  the  prefent  cafe  be  as  the  Periodical  ;< 
Times  of  the  Satellites.  H 

'1 
t*HOFasi*f ibN  Lit  'J 

IF  two  Primary  Planets  revoliie  ahout  the  Sun  at  < 
diferent  Jifiances  from  ir,  md  one  Secondjfjf  ,^i 
Plana  nvoHies  about  each  Primary,  and  their  Or^iti'* 
he  t^mlf  fimilar  and  fimilarlj  inclined  to  the  Ofbiti^ ' 
of  their  Primaries ;  the  Sun's  Forces  that  difiurb  thi 
Motion  df  the  Satellites  and  their  EfftSs,  that  is,  alt_  * 
the  anguhr  Errors,  refft£lively  jeen  from  thi  Ceh*  ' 
ttrs  of  their  Primaries,  are  reciprocallj  in  a  Duplicate  ,  j 
Ratio  of  the  Periedital  Times  of  the  Primary  Planett'  1 
about  the  Sutt.  J 

For^  becaiife  (he  accelerating  Force  of  Sny  . 
Primary  Planets  whatever  abt>ut  the  Sun,  is  thd'  ' 
fame,  at  the  fame  Diftance,  Ir  is  plain  that  thofe  ^ 
Secondaries  which  revolve  in  eqtial  Orbits,  A-  * 
bout  different  Primary  Planets  are  affeiled  thd  i 
fame  way  as  one  Secondary  Planet  revolving:  i 
about  its  Primary,  which  revolves  about  chsJ 
Sun  in  an  Orb  fo  etcenctic,  chat  its  DiftanceS  J 
from  the  Sun,  in  divers  Points  otfuch  an  Orbit,  ] 
differ  as  much  from  one  another  as  the  Diftan-  i 
6es  o£  the  two  Primaries  in  the  prefent  cafe.  J 
K.        .  M  ID  m  hXilr* 
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But  it  is  plain  (hy?rop.j<).)  that  in  fucha  cafe,  the 
faid  Errors,  boch  in  Longitude  and  Latitude, 
fecn  from  the  Center  of  the  Sun,  are  inverily 
as  the  Cubes  of  the  Diftances  of  the  Primary 
from  the  Sun.  And  therefore  the  faid  angular 
Errors  of  Secondary  Planets  revolvii.g  in  equal 
fimilar  :ind  (imibrly  inclin'd  Orbits  about  two 
Primary  Planets  mov'd  about  ihe  Sun  in  diffe- 
rent Diftances,  fecn  from  the  Centers  of  the 
refpedive  Primaries,  are  inverfly  as  the  Cubes 
of  the  Diftances  of  the  Primaries  from  the  Son. 
But,  by  the  40'''  and  41'!  Propofitions,  the 
Squares  of  the  Periodical  Times  of  the  Primary 
Planets  about  the  Sun  are  as  the  Cubes  of  the 
mean  Diftances  of  them  from  the  Sun:  And 
therefore  all  the  angular  Errors  of  the  Secon- 
dary glanets  refpeftively,  feen  from  the  Cen- 
ters of  their  Primary  ones,  are  inverfly  as  the  . 
Squares  of  the  Periodical  Times  of  the  Prima- 
ries about  the  Sun.    ^E.  D.  ^  ■ 

Proposition  LIIL  igM 

THE  AnguLr  Errors  of  the  SaitHites  gentrattt'' 
in  every  one  of  their  Revolutions  about  tbitr 
rcffeSi'veVrimaryThnets^  and  feen  fmrn  their  Ctn- 
ters,  are  in  a  Ratio  compounded  of  the  JireH  dufUeats 
Ratio  of  the  Feriodic4  Times  of  the  Satellites  ahout 
their  reffcSiive  Trimary  Plunets,  and  of  the  dufli- 
cate  rtciprocal  Ratio  of  the  Periodical  Times  of  tha 
_    Primary  Planets  nbaftt  the  Sun. 

For,  by  Prop,  j  i .  if  the  Diftances  of  the  Pri- 

mary  Planets  from  the  Sun  were  equal,  the 

forefaid  Errors  wou'd   be  in  a  direct  duplicate 

r.;  Rario  of  the  Periodical  Times  of  the  SaceUites 

•-  about  their  Primary  Planets  refpeaiveiyi    ^nd 

'  by  Prop.  j2.  if  the  Diftances  of  the  Satellites 

from  their  Primaries  were  equal^  the  faid  Errors 

wou'd 
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wou'd  be  m  a  reciprocal  Duplicate  Ratio  of  the 
Periodical  Times  of  the  Primaries  about  the 
Sun  ;  And  therefore,  tho'  neither  the  Orbits  of 
the  Primaries  about  the  Sun  are  equal,  nor  thofe 
of  the  Satellites  about  the  Primary  Planets;  the 
Ratio  of  the  foreiaid  angular  Errors,  generated 
in  every  refpeftive  Revolution  of  the  Satellites, 
and  feen  from  the  Centers  of  their  Primary 
Planets,  is  compounded  of  the  forefaid  Ratios; 
namely,  a  direift  Duplicate  Ratio  of  the  Perio- 
dical Times  of  the  Satellites  about  their  relpe- 
Aive  Primary  Planets,  and  a  Duplicate  reci- 
procal Ratio  of  the  Periodical  Times  of  thC' 
Primary  Planets  about  the  Sun.    ^  E.  D.  ' 

SCHOLIUM.  ': 

From  the  fame  Reafoning  you  may  (  by  Trep, 
5:2.  and  the  Corollaries  of  Pr/jp.  p.)  gather,  that 
the  mean  Motions  of  the  Apfes  and  Nodes  of 
Two  Satellites  are  in  a  Ratio  compounded  of  a 
direft  Ratio  of  the  Periodical  Times  of  the  Sa- 
tellites about  their  refpeftive  Primary  Planets, 
and  a  reciprocal  Duplicate  Ratio  of  the  Perio- 
dical Times  of  the  Primary  ones  about  the 
.  Sun. 

•Proposition  LIV. 

TO  dettrmlne  the  uneejual  Motions  of  SattUiles  re- 
'Volving  about  arty  other  Flunets. 
From  the  before  determin'd  unequal  Motions 
of  the  Moon,  feen  from  the  Center  of  tha 
Earth,  the  analogous  Motions  of  any  Satellite 
may  be  the  help  of  the  premis'd  Theorems  be 
determin'd,  if  the  Form  of  the  Orbits  of  the 
Satellites  and  the  Inclination  of  the  Orbits  to 
the  Plane,  in  which  the  refpedive  Primaries 
are  carried  about  the  Sun,  do  not  much  differ 
M  ni  m  z  ftcm 
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from  the  Form  of  the  Lunar  Orbit,  and  the  In- 
clination of  its  Plane  to  the  Plane  of  the  Eclip* 
tic,  as  it  happens  in  the  Satellites  of  Jupiter 
and  Saturn  :  For  their  fmall  difference  does  noc 
fenfibly  change  the  Motions,  as  it  has  been  ta- 
ken notice  of  in  the  i  i^h  and  14th  Propofitions. 
Let  (  for  Example)  the  Morions  of  the  out- 
termoft  of  the  Circumjovial  Planets  be  to  b« 
determin'd :  It  is  plain,  from  the  SchoHum  of 
the  foregoing  Propofuion,  that  the  regreffive 
Mean  Motion  of  the  Nodes  of  the  faid  Satel- 
lite is  to  the  Mean  Motion  of  the  Moon's  Nodes, 
in  a  Ratio  compounded  of  the  Ratio  of  the  Per- 
riodical  Time  of  the  faid  Satellite  about  Jupi- 
ter, to  the  Periodical  Time  of  the  Moon  about 
the  Earth,  and  a  Duplicate  Ratio  of  the  Perio- 
dical Time  of  the  Earth  about  the  Sun,  to  the 
Periodical  Time  of  Jupiter  abour  the  Sun;  and 
therefore  that  it  is  given,  when  the  faid  Pe- 
riodical Times  are  known  by  Obfervation. 

Likewife  from  the  Mean  progredive  Motioi 
of  the  Apfes  of  the  Moon,  may  be  found  thi 
Mean  progrcfUve  Motion  of  the  Apfes  of 

'  Satellite. 

After  the  fame  manner,  from  the  foregoing 
Proportion,  the  Variation  of  the  faid  Satellite 
is  to  the  Moon's  Variation  above  found,  in  a 

,.  Ratio  compounded  of  the  Duplicate  Ratio  of 
the  Periodical  Time  of  that  Satellite  about  Ju- 
piter, to  the  Periodical  Time  of  the  Moon  a- 
bout  the  Earth,  and  a  Duplic;Ke  Ratio  of  the 
Periodical  Time  of  the  Earth  about  the  Sun, 
to  the  Periodical  Time  of  Jupiter  about  the  Sun  j 
thatis,  fby  the  faid  foregoing  iVo/i.)  as  the  whole 
Motions  of  the  Nodes  in  the  Periodical  Times 
of  [he  Satellite  and  the  Moon  to  one  another. 
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And  after  the  fame  manner  the  ereateft  M- 
quarions  of  the  Nodes  and  rhe  Apfes  of  a  Sa- 
tellite are  to  the  greateft  j?-qiiations  of  the 
Nodes  and  of  the  Apfes  of  the  Moon  refpe- 
iftively,  as  the  Motions  of  the  Nodes  and  Apfes 
of  a  Satellite  during  the  Time  of  one  Revolu- 
tion of  the  former  vEquations,  to  the  Motions  of 
the  Nodus  and  Apfes  of  the  Moon,  during  the 
Time  of  one  Revolution  of  the  latter  /Equa- 
tions. 

All  thefe  Things  likewife  hold  trae  of  any 
other  S:4tellite.  But  having  once  found  the  faid 
Inequalities  in  one  of  the  :^atel]ites,  the  analo- 
gous Inequalities  in  any  other  revolving  about 
the  fame  Primary  Planet  are  more  eaiity  deter- 
min'd,  by  Prop.  ji.  and  its  Corollaries;  for  there 
will  be  no  need  of  making  ufe  of  an  invcrfe 
Duplicate  Ratio  of  the  Periodical  Time  of  the 
Primary  about  the  Sun,  the  Primary  remaining 
the  fame. 

Proposition  LV. 

TO  eorriS  the  Motions  ef  the  Jpfes  of  the  Satel- 
lites cf  Jupiter  f.nd  Saturn  found  hy  the  forego- 
ing Trofofition. 

Becaufe  the  Apfis  of  the  Moon,  in  the  Syzy- 
gies  with  the  Sun  goes  forward,  and  alfo  the 
Apfis  of  a  Satellicej  by  Prup.  i  r.  but  flower  by 
reafon  of  the  fiiort  Periodiciil  Time  of  the  Earth 
about  the  Sun,  in  comparifon  of  the  Periodical 
Time  of  Saturn  or  Jupiter  about  it ;  it  is  plain 
that  the  Moon's  Apfes  ftick  longer  in  the  Syzy- 
gy  of  the  Sun  and  near  it,  than  the  Apfis  of  a 
Satellite,  becaufe  ic  does  more  clofely  follow 
the  Sun,  which  is  carried  in  confeejuentia  falter 
than  either  Apfis.  And  on  the  other  hand  each 
Jlpiis  of  a  Satellite  goes  back  in  tUe  Sun's  Qua- 
M  m  m  )  drature. 
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[■■■^araruf  c,  but  that  of  chc  Moon  6after ;  therefore 
-it  remains  a  fliorter  lirne  in  the  Sun's  Quadca- 

■  mre,  which  ic  meets.  And  as  for  the  firft  Caofe, 
•the  Apfis  of  a  Satellite  goes  forward  for  a  lels 
«ime  than  the  Apfirof  the  Moon,  and,  by  the 
^cond  Caufe,  it  is  longer  a  going  back  than  the 
iApih  of  the  Moon,  and  the  abfolute  Progreis 

'  cf  each  arifes  from  a  greater  Progrefs  than  Re- 
■grefs ;  it  is  plain  that  thofe  two  Caufes  confpi- 
ring  diminifli  the  progreflive  Motion  of  the 
Apfes  of  a  Satellite,  more  than  in  proportion 
ko  the  other  Caufes.  Therefore  upon  this  Foun- 
•dation  we  muft  build  the  Corredion  of  the  be- 

'  ifore  found  Motion  of  the  Apfes,  and  ditninife 
the  faid  Motion  according  to  the  permanency 

"  of  this  Caufe  and  i:s  Effeds  on  each  of  the  Sa- 
ttellites  of  Jupiter  or  Saturn.  *M 

SCHOLIUM.  ^ 

Thefe  Inequalities  which  affeift  the  Motion 
of  a  Satellite  revolving  about  anyPrimary  Pla- 
net being  detertnin'd,  it  will  be  eafy  faccording 
■to  the  foregoing  Methods  about  the  Moon)  to 

>  -find,  by  Calculation,  the  Places  of  thofe  Satel- 
,lites  for  a  given  Time,  their  Inimerfions  into 
■the  Shadow  of  their  Primary  Planet,  theii  E- 
Ttierfions  out  of  it,  the  journey  of  the  Shadow 
of  a  Satellite  over  the  Difc  of  his  Primary,  and 
mother  things  concerning  their  Motions,  as  they 
*re  fcen  from  their  proper  Primary  Planets.  And 
the  Form  of  the  Tables  for  determining  their 
potions,  feenfrom  thence,  will  be  the  fame  as 
that  of  the  Moon's  Tables  above  defcribed  ; 
tfrom  which,  together  with  the  Tables  of  the 
Primary,  (defciib'd  in  the  foregoing  B«ok)  one 

'  may  readily  find  the  Pharnomena  of  thofe  Ss- 
-tellites.    Due  becaule  the  Eclipfes  of  the  Satel- 
lites, 
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I  lites,  as  they  run  into  the  Shadow  of  their  Pri- 
I  nary  Planet,  are  very  rcm^irkable  Phxnomena 
I  'to  be  obfurv'd  by  the  Inhabicanti  of  rhe  Earth; 
Aftronomtrs  have  conftruileil  Tables  for  the 
immediate  Calculation  of  them,  whofe  Foun- 
dation and  Form  appuar  eafy  and  fjinple  to  any 
one  tiat  undcfftandi  the  foregoing  Propofitions ; 
and  therefore  we  fhall  only  give  a  tew  Exam- 
ples to  iluftrate  them  over  and  above;  which 
yet  o  not  properly  belong  to  thefe  Ekmtms,  be- 
caufe  thi^y  are  only  Phyfical  and  Geometrical, 
'not  Arithmetical. 

But  yet  we  ought  to  take  notice  that  regard 
is  to  be  had  to  the  different  Diftance  of  the 
-•Earth  (the  Place  of  the  Obferver)  from  thefe 
,  -Phznomena  of  the  Immerfion  and  Enierlion  of 
the  Satellites  of  Saturn  and  Jupiter:  For  fuch  a 
Phenomenon  is  fooner  feen  when  the  Eartli  is 
■nearer  to  it,  than  when  i.  is  remov'd  from  it. 
-Let  S  [jf^.  f  2.]  reprefent  the  Sun;  CDEFthc 
Mi'g^uiOrbis,  or  the  Way  of  the  Eanh;  G'^H, 
•the  Way  of  JupiLer,  U  Jupiter  carting  his 
.  Shadow  XV i  BAK  the  Orbit  of  a  Satellite  of 
Jupiter.  Let  an  Inhabitan:  of  the  Earth  at  C, 
fee  the  Emcrfion  of  the  Satellite  out  of  the  Sha- 
dow of  Jupiter  at  A ;  for  if  the  Satellite  be  one 
of  the  neareft  to  Jupiter,  or  the  Earth  be  after 
the  Oppofition  or  before  the  Conjunction  of 
.Jupiter  wiiii  the  Sun,  then  the  Immerfion  at  B 
will  not  be  feen  by  reafon  of  thi  Intcrpofition 
of  Jupiter's  Body;  If  the  Speftator  fhoutd  re- 
main in  the  fame  Place,  after  fome  Time  the 
like  Emerfion  of  the  fame  Satellite  wou'd  again 
-appear,  and  another  fuch  Emerfion  of  it  after 
the  fame  fpace  of  Time,  and  lb  on.  But  as 
the  Earth  goes  from  C  to  D,  it  is  plain  that 
there  is  need  of  a  longer  Tims  for  the  fan- 
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,' Appearance  to  reach  to  it  at  D;  namely,  as 
jnuch  more  Time  as  is  needful  for  the  Light 
(which,  as  it  were,  biings  the  Phaenomenon) 
to  go  rhro'  the  Inte;rval  of  the  Diftances  AD, 
ACi  or  the  Diftaiice  CD.  For  the  fanie  rea- 
fon  the  Immerfion  of  the  Satellite  at  B,  feen 
ty  an  Inhabitant  of  the  Earth  at  E,  will,  after 
^  determined  Time,  be  ag;iin  ften,  and  fo  on  ; 
but  the  Earth,  as  it  were,  meeting  the  Phainome- 
ppn,  as  it  goes  from  E  to  J^,  a  Speftaror  will 
fooner  fee  the  Phanomenon  when  he  is  at 
fthan  when  he  was  at  E.  And  this  proceeds 
from  the  diffl-ren  Diftance  of  the  Earth  from 
(he  Bodies  whofe  Phicnomena  are  obierv'd,  to 
which  we  faid  thar  regard  was  to  be  had:  For 
ty  reafon  of  this  different  Diftance,  they  are 
ieen  (boner  or  later,  as  alfo  all  the  Inequalities 
which  really  happen  in  the  Motion  of  the  Bon. 
dies  chemfelves.  And  from  the  comparing;  fuch 
Phenomena  feen  fooner  or  later  wirh  tha 
Earth's  annual  Orbit,  we,  on  the  othtJi-  hand, 
difcover  the  fuccetiive  Motion  of  Light,  and 
from  it  find  out  its  Velocity  by  Obfervatioi 


biervatiQffi^ 
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f  Section  X. 

Of  thp  Motions  of  Satellites  about  theif 
own  Centers  refpeftively. 

Proposition  LVI. 

TO   itfcribe  the  Motion  of  the  Moon   shut  ht 
aivn  Center^  as  It  is  carried  at  the  fame  Time 
round  the  Earth, 

For  the  Example  of  the  Motion  of  the  Satel- 
lites about  their  own  Centers,  we  fcall  give  an 
inftance  in  our  Moon,  to  whofe  Morion  'tis 
yeafoiiable  to  believe  the  Motions  of  the  Satel- 
lites of  other  Planets  to  be  anakgous;  for  wo 
(:annot  make  minute  Obfervations  of  ihofe 
fmall  Bodies  which  are  at  fo  immenfe  a  DiAance. 
The  Morion  of  the  Moon  is  in  all  things  like 
the  Motion  of  the  Earth  about  its  own  Cen- 
ter, whilft  it  is  carried  round  the  Sun,  ex- 
cepting the  Inclination  of  its  Axis  and  the  Pe- 
riod of  its  Revolution.  For  as  the  Moon  moves 
round  the  Earth,  it  moves  alfo  about  its  own 
Axis :  This  Axis  is  every  where  parallel  to  itfelf, 
therefore  not  perpendicular  to  the  Plane  of  the 
Moon's  Orbit,  (  for  this  Orbit  is  continoally 
chang'd  by  reafon  of  the  adion  of  the  Sun 
which  difturbs  ic)  but  inclined  to  it,  and  almoft 
at  right  Angles  with  the  unmov'd  Plane  of  the 
Ecliptic.  The  Moon's  Motion  about  this  its 
own  Axis  (  as  alfo  that  of  the  Earth  about  its 
Axis,  and  of  the  other  Primary  Planets  about 
their  Axes,  fliewn  in  Vrop.  jo.  B.  i.)  is  uniform 
and  equable,  always  of  the  fame  tenour ;  and 
its  Period  is  the  fame  with  the  Periodical  Month, 
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different  from  whit  happens  in  the  Earth  and 
(he  other  Primary  Planets  cirried  ahouc  the  Sun, 
every  one  of  which  performs  feveral  Revolu- 
tions afiout  its  own  Axis,  whilft  it  goes  once 
^p';tts.Qrbit^. 

Proposition  IVTt. 

THE  TLne.of  the- fame  Lun.r  Merid'i.Tn  (t 
a  Circle  made  hy  the  Seci'wn  vf  a  Tlune  along 


I 


tie.Jxi 


of  its  Rotation)  being  yruduc  dy  dots  alwfiji 


'    nearly  pafi  thro'  that  Focus  of  the  Elliptic  Orbit  ( 
fcrib'd  about  the  Ear[h)  In  'u^bich  the  Earth  is  not: 

hetABDC  be  the  EllipfCj  whofe  Periphery 
is  dcfcrib'd  by  the  Moon  moving  about  the 
Earth:  I,et  the  Earth  T  be  plac'd  in  one  of  its 
Foci,  to  which  a  Ray  or  Radius  (which  wc 
have  call'd  a  ^■'(^or)  being  drawn,  titfcrlbes  A- 
reas  proportionable  to  the  Times  in  which  they 
are  defcrib'd.  AndbyPi-o/i.f.if.j.the  Righrlinw 
'AF,  BF,  being  drawn  from  any  two  Points  d 
anZllipfis  to  one  of  its  Foci  F,  (namely,  that 
in  which  the  Earth  is  not)  the  Angle  ^  Ffl  is  W 
ibur  Right  ones  nearly  as  the  Time  in  which  the 
Moon  runs  thro'  the  Arc  J  B  to  the  whole 
Time  of  the  Moon's  Period.  If  AM reprcfents 
'  the  Plane  of,  the  Lunar  Meiidian,  which  (the 
Moon's  Center  being  any  where,  as  for  Ex- 
jtmpte,  at^),beingproduc'd  goes  tliro'f  J  I  fay 
that  the  fame  Plane  being  likewife  produc'd 
will  go  thro'  F,  in  whatfoever  Point  of  the  E- 
'diptic  Orbit  the  Moon  is.  for,  becaufe  the 
notation  of  the  Moon  is  uniform  about  its  own 
^Axis,  and  ir  alfo  has  the  fame  Period  as  the 
jMoon  has  about  the  Earth ;  it  is  evident  that 
the  I'lane  of  the  Meridian  which  in  the  Moon's 
Situation  A  was  AM^  when  the  Moon's  Cen- 


o/ AsTROMOM  Y.       ^5-1 


ris  got  to  any  other  Point  ^s  Bf  will  have 

Sich  a  Situation  BE,  that  che  Line  Bm  being 

taken  parallel  to  AM,  the  Angle  mBE  will  be 

>  four  Right  Angles  as  the  Time  in  which  rhe 

Moon  is  carried  thro'  the  Arc  AB  to  the  Moon's 

whole  Periodical  Time:  Therefore  {hyfrof.ii. 

El.  f.;  mBE  is  to  four  Right  Angles  as  J  FB  is 

10  four  Right  Angles;  whence  (hy  Prop.9.  El.  5.) 

-the  Angle  mBE'is  equal  to  AFB.     And  as  AF 

and  Bm  are  parallel,  BE  .will  be  in  dire&um  to 

iBF\  that  is,  in  a  Situation  of  the  Moon  B  taken 

.-at  pleafure,  the  Plane  of  the  fame  Meridian, 

which  produc'd  did  in  the  former  Situation  A 

,go  thro'  F,  produc'd  in  this  does  alfo  go  thro'i^. 

Therefore  in  what  Point  foever  of  the  Orbit 

Lsche  Moon's  Center  is  found,  the  Plane  of  the 

Irlame  Meridian  will  go  thro'  F,   the  Focus  in 

twhich  the  Earth  is  not.    j^  E.  D. 

'Proposition    LVIII. 

TO   defcr'ibe  the   Motions   which  appear  i 
Moon's  Facsy   feen  from   the  Earth,    , 
.from  the  Maoris  Motion  about  its  ou-n  Center. 

Firft,  it  is  plain  that  nearly  the  fame  Face  of 
the  Moon  is  always  turn'd  towards  the  Earth, 
and  that  nearly  the  fame  Lunar  Spots  are  feen 
-by  an  Obferver  on  the  Earth.  For  fince  the 
produc'd  Plane  of  the  fame  Meridian  goes  thro' 
the  empty  Focus  F  of  the  Lunar  Orbit,  and  the 
Lunar  Orbit  is  not  very  excentric,  that  is,  Fis 
■jiot  very  far  from  T,  or  the  Angle  FBT(whsn 
;gceateft)  is  not  very  great,  it  is  plain  that  near- 
ly the  fame  Face  of  the  Moon  is  always  tura'd 
'  ito  the  Earth. 

But  if  that  Face  of  the  Moon  which  is  turn- 
f-cd  towards  the  Earth  be  nicely  confider'd,  by 
dlooking  at  the  Spots,  fo  as  to  draw  the  Figure 
B.^      •?  of 


r  the 
irifing 


\ 
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of  it  by  the  l^p  of  a  Telefcope,  it  will  ap" 
pear  that  we  don't  precifely  fee  the  fame  Face* 
And  fince  the  Plane  AMoi  the  fame  Meridian 
is  not  direded  to  the  Earth  7",  but  to  the  other 
Focus  F,  it  is  plain  ihat  the  Hemilphere  of  the 
Moon  when  it  is  at  A,  feen  from  the  Earth  7*,  is 
fomcthing  different  fiom  that  which  is  feen 
from  it  when  the  Moon  is  come  to  B,  fome  part 
of  the  Moon's  Hemifphere  which  is  drawn  to- 
wards D,  and  was  hid  from  the  Eye  in  T'whea 
the  Moon  was  at  ^,  being  now  difcover'd,  and 
part  of  the  Hemifphere  cowards  C,  which  was 
then  feen,  being  now  out  of  Sight.  And  this 
apparent  Motion  of  the  Moon  from  the  Earth, 
by  which  fome  of  its  Spots  in  the  Hemifphere 
lurn'd  from  the  Earth,  come  in  fight,  and  fome 
of  thofe  in  the  Hemifphere  towards  the  Earth  i 
get  out  of  fight,  is  properly  enough  call'd,  tbC'  i 
Ubraiion  of  the  Moen,  and  that  which  happens 
for  the  reafon  juft  given  is  call'd,  the  Libraam  \ 
in  Loti'iiudi,  arifing  from  the  Moon's  Motion  I 
in  Longitude,  or  along  the  Zodiac.  This  Li*  ' 
bration  is  twice  reftor'd  in  every  Periodical 
Month;  namely,  when  the  Moon  is  in  the  Apo- 
gxum  C  or  Perigzum  D :  For  in  either  cafe  the 
Plane  of  the  fame  Meridian,  which  being  pro- 
duc'd  falls  on  iv,  falls  alfo  on  T".  And  this  Li- 
bracion  is  from  all  the  Inequalities  of  the  Mo- 
tion afFed:ed  in  Longitude,  and,  amongft  others, 
by  thit  Inequality,  by  which  the  Moon,  in 
Quadrature  with  the  Sun,  is  remov'd  from  the 
Earth,  of  which  mention  has  been  made  in  the 
Corollary  of  Prop.  2. 

Moreover,  becaufe  the  Axis  of  the  Mooflk 
Rotation  is  not  perpendicular  to  the  Orbit  which 
the  Moon  defcribes  about  the  Earth,  but  inclin- 
ed CO  itj  it  is  plain  that  fometimes  one  Pole  of 
thQ 
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the  Moon,  fomecimes  another,  points  towards 
the  Earth)  ( for  the  fame  reafon  that  fome- 
timea  one  Pole  of  the  Earth,  and  fometimes 
another  is  turn'd  towards  the  Sun)  and  there- 
fore fometimes  we  fee  from  the  Earth  the  Lu- 
nar Spots  which  are  near  one  Pole,  and  fomc' 
times  thofe  which  are  near  the  other,  and  con- 
fequently  we  fee  another  Libration  of  the 
Moon  from  the  Earth  j  which,  as  it  depends 
upon  the  Situation  of  the  Moon,  in  refpeA  of 
the  Nodes  of  its  Orbit  with  the  Ecliptic,  (for 
its  Axis,  as  has  been  obfcrv'd,  is  nearly  perpen- 
dicular to  the  Plane  of  the  Ecliptic)  is  rightly 
call'd,  the  Lihrathn  in  Latitude  This  is  per- 
form'd  in  the  fpace  of  a  Periodical  Month,  or 
rather  as  the  Moon  returns  to  the  fame  Situa- 
tion in  refpect  of  the  Nodes. 

Again,  there,  is  a  third  kind  of  Libration  of 
the  Moon,  by  which,  tho'  no  other  part  of  it 
he  rarn'd  to  the  Earth  than  what  is  occafion'd 
by  the  two  foregoing  Caufes  (namely,  the  Li- 
bration in  Longitude,  and  the  Libration  in  La- 
titude) yet  another  part  is  enlighten'd  by  the 
Sun.  For  fince  the  Axis  of  the  Moon  is  nearly 
perpendicular  to  the  Plane  of  the  Ecliptic, 
when  the  Moon  goes  fartheft  from  the  Ecliptic 
towards  the  South  (or  is  in  the  Southern  Limit) 
the  Moon's  North  Pole,  and  alfo  fome  part  of 
the  Lunar  Globe  beyond  that  Pole,  arc  enligh- 

Rttn'd  by  the  Sun,  when  at  the  fame  time  the 
South  Pole  of  it,  and  fome  parts  on  this  fide  of 
it  (that  is,  on  the  fide  towards  the  Sun)  are  in 
darknefs ;  if  therefore  in  this  cafe  it  happens 
that  rhe  Sun  is  on  the  fame  fide  as  the  Moon's 
fc  StJQthern  Limit,  the  Moon,  going  from  the 
h  Conjunt^ion  with  the  Sun  to  the  afcending  Node 
wiU  appear  by  little  and  Uttle  to  draw  away  its 
ffc-    ■  Nor- 
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Northern  pairs  and  the  Spots  near  the  North,  I 
Pole,  imo  the  darken "d  Hemifphere,  when  at 
the  fame  time  on  the  opporite  lide  other  Spots 
about  the  South  Pole  emerge  out  of  darknefs  in- 
to Light:  And  the  contrary  wiil  happen  half  a   \ 
Month  after,  when  the  New  Moon  defceni* 
from  the  Northern  Limit;  that  is,    the  mwe   , 
Northern  parts  of  the  Moon  will  by  little  and 
little  break  oat  into  Light  from  Darknefs,  at 
the  fame  time  that  the  moft  Southern  parts  hide 
thcmfelves  in  Darknefs.     It  is  plain  that  this 
Libration,  or  rather  thefe  Effefts  of  the  Libra- 
tion  in  Latitude,  depend  upon  the  Sun's  Light, 
and  therefore  on  the  Synodical  Month. 

SCHOLIUM. 

From  this  Propofition  it  appears  how  mani- 
fold this  Libration  of  the  Lunar  Globe  Icen 
firom  the  Earth,  is;  which  is  produc'd  by  its 
moft  limple  Motion  about  its  own  Axis,  de- 
fcrib'd  in  Prop.  j6.  for  the  foregoing  kinds  of 
Librarions,  according  to  the  various  Situation 
of  the  Lunar  Apfes,  of  the  Nodes  and  of  the 
Sun  (upon  all  which  they  depend)  are  varioufly 
mix'd  and  combin'd,  and  maki.  that  moft  intri- 
cate Libration  of  the  Moon  obferv'd  by  Aftto- 
nomers. 

And  that  all  thefe  things  obtain  likewife  in 
the  Satellites  of  Jupiter  and  Saturn  is  very  pro- 
bable, becaufe  they  go  round  thofe  Primary 
Planets,  and,  together  with  them,  nre  carried 
about  the  Sun,  juft  as  the  Moon  and  Larth  j 
and  alfo  at  Jupiter's  and  Saturn's  Satellites  have 
that  very  remarkable  Phenomenon,  in  refpeA 
of  their  PrimarieSj  which  has  ever  been  obfer- 
ved  of  the  Moon,  namely,  that  it  always  turns 
the  fame  Face  to  the  £arch,  as  was  faid  at  tho 

be- 


■beginning  of  the  laft  Prop.  For  it  is  obferv'd 
■c£  the  outward  Satellite  of  Saturn,  chat  it  is 
Et  rhe  Weft  of  this  Planet ;  but  that  it  is  always 
Eiid  when  at  the  Eaft :  It  is  likely  that  it  happens 
K  for  this  reafon,  chat  the  greateft  part  of  its  Sur- 
face is  darker  ( that  is,  does  not  copioudy  e- 
nough  refleft  rhe  Rays  of  Light  every  way) 
than  the  other.  This  Satellite,  like  our  Moon, 
has  very  ample  Plains  or  Vallies,  which  being 
•  the  darkeft  parr,  when  turn'd  towards  us,  can't 
befeen  upon  account  of  the  fmail  Quantity  oi 
«he  reflcded  Light.  And  as  this  Saturnian 
r-^Aoon  is  found  to  be  darken'd  when  it  is  in  the 
'Eaftern  part  of  iis  Orbit,  and  pever  in  the  0- 
ther^  it  is  a  plain  (ign  that  the  fame  Face  o£ 
that  Moon  always  looks  towards  Saturn,  that 
"  PhKnomenon  being  a  confequence  of  this  Phar- 
jiomenon,  as  is  evident.  And  now  fince  this 
fame  thing  is  true  both  of  that  remoteft  Moon, 
and  of  our  Moon,  'uiz..  that  the  fame  Face  is 
always  turn'd  to  the  Primary  Planet,  who  can 
doubt  of  its  obtaining  in  the  other  Moons  about 
'  lupitej  and  Saturn,  rho'  we  have  not  Obferva-r 
uons  CO  evince  the  truth  of  it? 
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Section   XI. 

Of  the  Magnitude  and  V>enfity  of  th* 
Satellites. 


IK  endeavouring  to  find  out  the  Magnitude 
of  the  SacelHtcSj  we  (hall  alfo  fuppofe  that 
fhey,  like  the  Primaries,  (about   which  they 
devolve  )  and    all  other  great  Bodies  in  the 
World,  did  at  firft  (  by  reafon  of  the  Gravita- 
tion   of    the  parts   towards  the  whole,    and 
the  Center  of  the  whole '  when  their  matter 
was  fluid,  put  oti  a  Spherical  Figure.     This  a- 
bundantly  appears  to  be  true  in  the  MoOn's  S 
telHte  of  our  Earth,  from  irs  Monthly  PhaR 
Eclipfes,  and  all  the  other  Arguments  whid 
Can  be  devis'd,  as  may  be  feen  in  all  Writers  j 
Natural  Philofophy  and  Aftronomy:  This  an 
appears,   namely,   in  the  Satellites  of  JuplN 
and  Saturn;  for  whatever  Face  ihey  turn  to  A 
Terreftrial  Obferver(for  they  turn  all  their 
Faces  fucceffively  to  the  Earth '  they  appear  to 
have  a  circular  Difc,  which  only  happens  in 
Spherical  Figures. 

Tho'  the  Figure  of  the  Planets  be  Sphericaf^ 
confidering any  whole  Planet,  yet  ibmc  Inequa- 
lities (and  great  ones  if  compar'd  with  thofe  on 
our  Earth)  are  found  on  their  Surfaces,  arifing 
from  particular  Cnufes  near  their  Surfaces,  ex- 
.ening  their  Forces  on  fuch  parts  as  are  already 
hard  and  folid;  fuch  as  are  found  in  our  Earth 
,  and  in  the  Moon,  but  are  not  look'd  upon  ai 
confiderablc,  in  refped  of  their  Globes,  and 
therefore  do  not  take  off  from  their  Roundneis. 
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In  inveftigating  the  Magnitude  and  Denfity 
of  the  Satellites,  we  fhall  take  oiir  Moon  fof 
an  Example,  and  cbmpare  them  with  ii. 

Proposition  LIX. 
'T'O  define  the  Moon's  Magnitude.      [Fig.  J4.] 

Becaufefrom  foregoing  Propofifions  we  know 
both  the  Moon's  Diftance  and  the  Angle  under 
which  it  appears,  that  is,  (JJIC  reprefenting 
the  Moon,  L  irs  Center,  and  O  the  Eye)  the 
Right  line  OL  and  the  Angle  JOB,  and  there- 
fore the  half  of  it  AOL;  in  the  reAangtila? 
Triangle  LAO,  reitangular  at  J,  LA  the  Moon's 
Semidiameter  wilt  be  found :  Or  more  rea- 
dily thus :  The  Diameter  of  the  Moon  is  to  the 
Diameter  of  the  Earth,  as  the  known  dppirent 
Semidiameter  of  the  Moon  to  the  Moon's  knowti 
Horizontal  Parallax,  as  ic  is  plain.  Now  the 
Moon  is  to  the  Earrh  ( by  Prop.  1 8.  El.  i±. )  iri  4 
Triplicate  Ratio  of  its  Diamercr  to  the  Diame-' 
ter  of  the  Earth,    and  therefore  it  is  defin'dj 

The  Magnitude  of  the  Satellites  of  Jupitei* 
arid  Saturn  will  be  likewife  defin'd,  from  knowj 
ing  their  Diftance,  and  the  Angle  which  eaeH 
of  them  fubtendSj 

Proposition  LX. 

To  define  the  family  of  Mutter  in  the  Maen^   14 
refpeB  of  the  Scantily  of  Matter  in  the  Earths 

[Fig-  f  rO 

Le:  S  denote  the  Sun;  ABC  the  Magnus  Or- 
hisj  in  whofe  Circumference  the  common  Cen- 
ter, of  Gravity  of  the  Earth  7",  and  of  the 
"'ftfcn  L  is  carried,  as  has  been  explained  in 

tfitt  Booki  Let  A  reprefenc  that  Center  at 
Nun  th« 
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the  known  Time  of  fome  New-Moon  ;  and  B 
the  fame  Center  near  the  known  Time  of  a 
Quadrature  (  rhe  next,  for  Example.)  And 
from  thefe  two  times  given  you  will  (by prop.  i^. 
B.  jO  have  the  apparent  Places  ofthe  Sun, 
feen  from  rhe  Points  y^  and  B:  Vox  (hy  Prop. 6^. 
B.I,)  that  common  Center  of  Gravity  of  the 
Eiirth  and  Moon,  goes  thro*  the  Magnui  Orbis 
in  fuch  manner  chat  the  Areas  cut  off  by  Radii 
drawn  to  the  Sun  are  proportionable  to  the 
'  Times.  Obfe.'ve  the  Places  of  the  Sun  and 
Moon  from  the  Earth  at  f,  and  then  you  will 
know  the  Angles  BtS,  JSt ;  but  ASB  was 
known  before,  therefore  BSt  will  be  known. 
Therefore  in  the  Triangle  BSc  the  Angles  ^f5 
BSr,  being  given,  and  the  Side  SB  (which  is 
a  Line  of  the  Magnus  Orhis,  drawn  from  the 
Sun,  and  given  in  Pofition,  whofe  Quantity  is 
from  the  Sun's  Theory  and  Parallax  known  in 
Diameters  of  the  Earth)  the  Side  tli  will  alfo 
be  had  in  fuch  known  Mcafures;  but ;/,  the 
.Diftance  of  the  Moon  from  the  Earth,  is  known 
from  the  Theory  of  the  Moon;  therefore  (  by 
the  i^f^ Datum)  the  Ratio  between  (/  and  f  Bis 
-  known,  and  therefore  that  between  B  i  and  Bl. 
Moreover,  it  is  known  from  Micbanks,  that 
there  is  the  fame  Ratio  of  the  Gravity  of  the 
Moon  to  the  diftanc  Sun,  to  the  Gravity  of  the 
Earcli  to  it,  that  is,  fby  CoroL  Prop  47.  B.  x.)  of 
the  Quantity  of  Matter  in  the  Moon,  to  the 
Quantity  of  Matter  in  ths  Earth,  as  of  the 
Riijht  line  Sf  to  the  Right-line  g/,-  therefore 
the  Ratio  of  the  Quantity  of  Matter  in  the 
Moon  to  the  Quantity  of  Matter  in  the  Earth 
is  defin'd.    ^  E.  /T. .. 

To  make  this  Obfervatiun  we  take  one  of 

the  Times  ac  the  Syzy.gy  of  the  Sun  and  Moon, 

and 
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and  the  other  near  the  Quadrature,  that  tha 
Angle  BSt  may  be  the  greater. 

The  fame  thing  may  alfo,  according  to  the 
fame  Principles,  be  gather'd  from  the  different 
apparent  Diameter  of  the  Sun,  in  the  New- 
Moon  and  the  Full- Moon;  for  it  is  (caterii  fa- 
Tihui)  lefs  at  the  Time  of  the  New-Moon,  and 
greater  at  Full-Moon. 

SCHOLIUM. 
The  forefaid  Inequalities  in  the  Motion  of 
the  Earth,  ariling  from  this,  that  not  the  Earth 
it  felf,  but  the  common  Center  of  Gravity  of 
the  Earth  and  Moon  is  carried  in  the  Magnm 
OrbU,  and  defcribes  Areas  tby  Rays  drawn  to 
the  Sun)  proportionable  to  the  Times,  is  alfo 
to  be  obferv'd  in  the  other  Planets.  For  this 
Monthly  Parallax  of  Mars,  when  Achrcnkal^ 
is  twice,  and  that  of  Venus,  in  ConjunAion 
with  the  Sun  and  Retrograde,  three  times  grea- 
ter than  the  Sun's,  (becaufe  in  fuch  a  cafe  Mars 
js  twice  and  Venus  three  times  nearer  the  Earth 
than  the  Sun ; )  but  in  the  other  Planets  it  is  al- 
moft  infenfible.  There  will  likewife  be  the 
fame  Inequalities  in  the  Motions  of  Jupiter  and 
Saturn,  ( which  have  Satellites)  efpecially  when 
all  or  moft  of  the  Satellites  are  on  one  fide  of 
the  Primary:  But  thefe  Primaries  are  fo  very 
great  in  refpeft  of  their  Satellites,  that  this  In* 
equality  becomes  lefs  fenfible. 

Proposition  LXI. 

TO  define  the  Ratio  of  the  Moon's  Benjity  to  tht 
Earth's  Dinfity. 
It  has  been  univerfally  demonftrated  in  the 
;^i)<^ -prof.  B.  %.  that  the  Ratio  of  the  Deniiry  of 
.two  Bodies  is  compounded  of  the  direiil  Ratio 
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of  the  Quantity  6f  Matter  in  them  and  the  in- 
verfe  Ratio  of  their  Magnitudes ;  that  is  (m  the 
prefent  cafe)  the  Denfity  of  the  Moon  is  to  the 
Denfity  of  the  Earth,  in  a  Ratio  compounded  of 
the  Ratio  of  the  Quantity  of  Matter  in  the 
Moon,  to  the  Quantity  of  Matter  in  the  Earth, 
and  the  Ratio  of  the  Magnitude  of  the  Earth 
to  the  Magnitude  of  the  Moon:  But  the  two 
compounding  Ratios  are  given,  by  the  y9th  and 
6o'i'  Propofitions ;  therefore  the  Ratio  com- 
pounded of  them  is  given,  namely,  the  Den- 
fity of  the  Moon  to  the  Denfity  of  the  Earth. 
^.  E.  F. 

PflOPOSITtON    LXII. 

TO  define  the  Ratio  of  the  accdtratlng  Graiiitjf 
towards  the  Moon  on  Us  Surface^  to  the  acw 
lerating  Gravity  toivaris  the  'Earth  on  its  Surface. 

It  is  plain  from  what  has  been  before  fhewn, 
that  in  like  diftances  from  Bodies,  however  un- 
equal, fo  that  the  Place  be  taken  without  them, 
the  accelerating  Gravities  are  as  the  Quantities 
of  Matter  in  the  faid  Bodies;  and  in  unequal 
Diftances  from  the'  Centers  of  equal  Bodies, 
the  accelerating  Gravities  are  inverily  as  the 
■  Squares  of  the  faii  Diftances;  and  therefore, 
tho'  neither  the  Diftances  nor  Bodies  are  equal, 
the  Ratios  of  the  accelerating  Gravities  towards 
them  is  compounded  of  the  dire(ft  Ratios  of  the 
Bodies  themieives,  towards  which  heavy  Bodies 
tend,  and  the  inverfe  Ratio  of  the  Squares  o'f 
the  Diftances  from  their  Centers;  thatis,  (in 
'the  prefent  cafe)  the  accelerating  Gravity  to- 
wards the  Moon  on  its  Surface,  is  to  the  acce- 
lerating Gravity  on  the  Earth's  Surface,  in  a 
-  Ratio  compounded  of  the  Ratio  of  the  Mafs 
.'  for  Quantity  of  M:itter)  of  the  Moon  to  the 
Mafi 
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Mafs  of  the  Earth,  and  a  Duplicate  Ratio  of 
the  Semidiameter  of  the  Earth  to  the  Semidi- 
ameter  of  the  Moon,  (for  the  diftances  of  the 
Surfaces  from  their  Centers  are  the  Semidiatne- 
ters  of  the  Spheres)  now  the  former  of  the 
compounding  Ratios  is  given,  by  Prop.  60,  ^d 
the  latter  of  them,  by  Pro;).  69.  and  therefore 
the  compounded  Ratio  wili  be  known,  namely, 
the  Ratio  of  the  accelerating  Gravity  on  the 
Surface  of  the  Moon,  to  the  accelerating  Gra- 
vity on  the  Surface  of  the  Earth. 

By  the  fame  Obfervations  and  Reafoning 
may  be  dcfin'd  the  Mafles  and  Denfities  of  the 
Satellites  of  Jupiter  and  Saturn,  in  refpeft  of 
their  Primary  Planers:  And  fmce  their  Maffes 
and  Denfities,  in  proportion  to  thofe  Qualities 
in  the  Earth,  are  defin'd,  in  the  48'''  and  49th 
Propoficions  of  £.  ^.  we  have  defin'd  tlie  Mafs, 
Denfity  and  accelerating  Gravity  near  the  Sur- 
face of  the  Planets,  contain'd  in  the  Solar  Sy- 
ftem. 
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SECTION     XII.  1 

Of  the  Figure  of  the  Satellites  and  of  the 
Primary  Planets  arifing  from  their  mutuj^ 
t :   al  Gravity.  3 

\  f  A  Ltho*the  Mountains  and  Vallies  upon  the 
_/V  Earth,  and  the  Fminencies  and  Cavicies 

•  of  the  Moon  (which  appear  to  be  fuch  upon 
iccounC  of  their  Shadows  projeded  according 
to  the  different  Situation  of  the  Sun)  do  not 
hinder  thofe  Bodies  from  being  round,  as  has 

'  been  faid  before  ;  yet  there  are  fome  univerf " 

I    Peviacions  or  Differences  from  a  Spherical 
gure,  which  are  not  to  be  omitted  ^  as  foi 
ample,  the  prolate  Spheriodical  Figure,   whicl 
has  in  Prop.  ji.  B.  i  heen  fhewn  to  belong  to  all 
fluid  Bodies  turning  round  their  own  Axes.     But 

,  by  reafon  of  the  flownefs  of  the  Rotation  in  the 
Lunar  Globe,  which  is  not  perform'd  in  lefs 
than  a  Periodical  Month,  the  deviation  from  a 
Spherical  Figure  arifing  from  it  will  be  almofl 

'  infenfible,  if  it  be  compar'd  with  the  like  devi- 
ation in  the  Earth,  as  will  be  (hewn  in  the  fol- 
lowing Propoficion. 

For  another  reafon  the  Moon  is  of  an  ob- 
long Spheroidical  Figure,  whofe  Axis  produc'd 
.  goes  thro'  the  Center  of  the  Larth.  For  fmce 
thecaufes  of  this  Figure  of  it  are  remarkable^ 
■and  its  cfftHs  no  lefs  fo,  it  is  fit  to  take  the  mat- 
ter higher ;  efpecially  fince  it  will  be  a  means  to 
explain  the  Phaenomenon  of  the  Tide,  which 
is  the  moft  remarkable  thing  of  thofc,  which 
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happening  on  the  Earth,   are  produc'd  by  Ce- 
leftial  Bodies,  as  we  fliall  fliew  it  to  be. 

Proposition    LXTII. 

TO  define  tht  Moon's  prolate  Sfheroiikal  Fi- 
gure. 
This  Problem  may  be  folv'd  after  the  fame 
manner  as  in  Vr<p.  n-  ^-  ?-  where  the  Figure  of 
the  other  Planets  is  determined  :  For  we  have 
the  Ratio  between  the  Diameters  of  the  Earth 
■  and  Moon  about  their  own  Axes,  by  Fmf.  f6. 
therefore  we  have  f  by  Prop-  iS.B.  i.)  the  Ratio 
of  the  Centrifugal  Force  at  the  Equator  of  the 
Moon  to  the  like  Force  in  the  vEquator  of  the 
Earth :  But  the  Ratio  between  the  Centrifugal 
Force  at  the  /Equator  of  the  Earth,  and  the 
Gravity  on  the  Earth's  Surface  is  given,  (by 
Prop.  yz.  B.  ;.)  and  (  by  Prop.  42.)  you  have  the 
Ratio  of  the  Gravicy  on  the  Surface  of  the 
Eirth,  to  the  Gravity  on  the  Surface  of  the 
Moon;  therefore  the  Ratio  compounded  of 
thofe  Three  will  be  given  ;  namely,  the  Ratio 
of  the  Centrifugal  Force  in  the  Moon's  Equa- 
tor, to  the  Gravicy  towards  the  Centi;r  of  the 
Moon,  which  obtains  on  its  Surface,  which  (in 
the  faid  Prop.  J2.B.  ^. J  has  been  fliewn  to  be 
the  fame  as  the  Ratio  of  the  Exccfs  of  the 
Moon's  jEquacorial  Diameter  above  its  Axis. 
Therefore  (by  the  6=^  Datum)  we  fhall  have  the 
Ratio  between  the  Moon's  Axis  and  any  Diame- 
ter of  it,  which  is  perpendicular  to  the  Axis; 
that  is,  between  the  Axis  of  an  Ellipfe  by  whofc 
''Rotation  about  the  (liorcer  Axis  a  prolate  Sphe- 
Toid  like  the  Moon  is  generated. 

aforefaid  Ratio  comes  fo  near  the  Ratio 
Bnif  equality,  that  the  prolate  Spheroidical  Fi- 
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'  gyre  of  the  Moon,  arifing  from  it,  differs  very 
fjitle  from  a  Spherical  one. 

pRoPogiTioN  LXIV. 
"XF  the  Globe  ef  the  Eartk  v^'U  every  ivhre  ccaered 
\_    with  a  Jeep  Sea,  it  VJouli  no:rlj put  m  an'oblong 
Sfheroidic:  I  Figure,   whofe  Axis  fruduc'd  ■u-cu'd  fafs 
thro  the  Moon.     [Fig.  c6.] 

Let  3  Circle,  whofe  Center  is  T,  reprefenc 
tlie  Earth,  and  ^  Cirple  whofe  Center  is  L  the 
)^oon ;  It  is  plain,  that  if  neither  the  Moon  doc 
any  other  Body   afted  on  the  Earth,    if  the 
Earth  was  every  where  cover'd  with  a  Fluid,  it 
y'ou'd  be  !^pherical,  except  lb  much  as  its  Fi- 
gure wou'd  differ  from  a  Sphere  upon  account 
of  the  reafons  fliewn  in  proji.  ;i.  B.  i.  which 
deviation  is  not  to  be  taken  notice  of  here.    But 
becaufe  all  the  pans  of  the  Earth  gravitate  to- 
wards the  Moon,  and  the  Gravity  towards  the 
Moon  (as  well  as  cowards  any  other  Body)  is 
reciprocally  as  the  Square  of  the  Diftance  from 
its  Center ;  if  (as  it  has  been  explain'd  at  l^rge 
\p,  the  60^''  Prop,  of  B.  I.  and  in  Vrof.  i.  B._  4.) 
the  Right  line  LT'  is  put  for  the  accelerating 
Gravity  of  a  Body  plac'd  in  the  Earth's  Cen- 
ter towardsthe  Moon,  and  E  (in  the  firft  j%.f  6.) 
be  any  Particle  of  the  marine  Fluid  or  of  the 
Sea,  and  if  in  the  Right  line  I£  (orLE  pro- 
duced.) LK  be  taken  equal  to  LT,  and  LFhe 
taken  fuch  as  to  be  to  LX  in  a  duplicate  Ratio 
of  LKtoLEi  Z-Fwill  exprefs  thq  Gravity  of 
a  Body  plac'd  at  E  towards  /.,  which  (as  is 
commonly    known  )    is  divided  into    Forces, 
which  are  as  FG,    and  Gt,    apd  in  the  Di- 
reiftions  of  thofe    Lines :     Bpt  if  frorn   that 
Force,  by'  which  the  Body,  polited  a(  ^,  is 
urg'd,  you  take  away  a  Force  which  is  as  Ti, 

by 
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by  which  the  Cenrer  of  the  Earth,  together 
with  the  whole  Earth,  is  urg'd  towards  the 
Moon;  there  will  be  left  Forces  as  FG  and  GT", 
with  the  Direcaions  FG  and  G  T,  by  which  a 
Body  at  E  is  urg'd,  befides  the  Force  of  the 
proper  Gravity,  by  which  E  tends  towards  the 
Center  of  the  Earth.  In  the  fecond  fig.  5-6. 
things  remaining  as  before,  let  C  be  a  Point  of 
the  Earth,  to  which  the  Moon  is  in  the  'Zenith, 
jnd  A  one  to  which  the  Moon  is  in  the  Nadir, 
£'  and  D  the  Points  round  about  (or  rather  a, 
Circle)  to  which  the  Moon  is  in  the  Horizon. 
It  is  plain  that  the  Point  G  is  very  much  diftant 
from  T,  when  the  Point  E  is  either  in  C  or  in  Ji 
In  the  iirft  cafe,  G  will  change  its  Place  and  get 
to  M,  and  in  the  latter  cafe  to  N.  But  when 
the  Point  E  is  found  in  the  Circle  B  D,  the 
Point  G  nearly  coincides  with  T,  and  in  the 
■parts  of  the  Fluid  in  the  faid  Circle  H  D,  there 
is  no  Force  left  befides  that  of  their  own  Gra- 
vity, and  the  Force  FG  in  the  direflion  FG  j 
but  FG  in  this  cafe  becomes  BT"  or  dT,  the 
Point  F  falling  In  with  K.  Since  therefore  the 
particles  of  the  Fluid  at  C  and  J,  belldes  their 
own  Gravity  towards  the  Center  T,  are  urg'd 
by  Forces,  as  Ail' and  NT,  that  is,  thofe  at  C, 
with  the  Force  MT  in  a  direiftlon  from  M  to- 
wards T,  that  is,  from  C  towards  L  ;  and  thofe 
at  A  with  the  Force  N'T"  in  a  direttion  from  N 
towards  T,  that  is,  from  A  towards  Al ;  they 
yill  not  gravitate  fo  much  towards  the  Center 
T'as  if  the  Force  arifing  from  the  Moon  was  a- 
way  :  But  the  Particles  at  C  are  more  attraded 
towards  the  Moon,  than  the  whole  Earth, 
which  is  look'd  upon  as  plac'd  in  the  Center  T; 
^nd  the  Particles  at  A  are  lefs  drawn  towards 
.the  Moon  than  the  whole  Earth  at  T,  and  there- 
fore 
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fore  being  as  it  were  left  behind  after  the  Earth, 
are  affeded  after  the  fame  manner  as  if  they 
were  drawn  to  contrary  parts  towards  M:  But 
the  Panicles  in  the  Circle  BD,  to  whofe  Inha- 
bitants the  Moon  is  in  the  Horizon,  have  more 
Gravity  towards  T;  for  befides  their  proper 
Gravity,  another,  as  B  T  or  /)  T,  arifing  from 
ihe  Force  of  the  Moon,  is  fuperadded  in  the  di- 
re<ftion  fiom  5  or  D  towards  T.  But  in  the  in- 
termediate Places  between  A  or  C,  and  B  or  /), 
partake  of  both  thefe  conditions,  of  which  the 
firft  or  the  laft  prevails  as  they  are  nearer  to  the 
firft  or  to  the  laft  Places;  namely,  by  how 
much  nearer  the  parts  of  the  Terreftrial  Fluid 
are  to  the  Points  C  and  A^  by  fo  much  lefs  hea- 
vy are  they,  becaufe  the  aition  of  the  Moon 
{that  is,a  Force  as  G  ?")  diminiflies  the  Force  of 
their  own  Gravity  towards  T,  and  hy  how  much 
nearer  they  are  to  the  Points  B  and  D,  by  fo 
much  heavier  are  they,  the  fame  Aftion  of  the 
^oon  encreafmg  their  proper  Gravity  in  that 
cafe  by  a  Force  as  FC  But  as  the  Globe  A  BCD 
.  is  fuppos'd  every  where  cover'd  with  a  pretty 
deep  Fluid,  that  is,  fuch  a  one  whofe  Particls 
cafily  yield  to  each  other,  and  whofc  proper 
Motion  is  very  free  ;  it  is  plain  that  ihofe  parts 
of  the  Fluid  which  are  at  A  and  C,  will  be 
thruft  out  hy  the  parts  which  are  at  B  and  D, 
namely,  the  Lighter  by  the  Heavier,  according 
to  the  Laws  of  Hydroftatics.  Therefore  the 
tiuid  ac  y!  and  C,  and  near  thofe  Points,  will 
ftand  up  or  be  rais'd,  but  in  the  Circle  B  D  and 
inearit,  itwillfubfide,  till  the  greater  Quantity 
and  Height  of  the  one  is  compenfated  by  the 
greater  Gravity  of  the  other;  fo  that  Earth  if 
■every  where  cover'd  with  a  deep  Fluid,  will 
form  itfelf  as  it  were  into  an  oblong  Spheroid, 
whofe 
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I  whofe  Axis  is  ^C  a  Right  line  which  produc'd 
I  will  pafs  thro'  the  Moon.    ^  E.  />. 

SCHOLIUM. 
For  the  fame  reafon  the  Terreftrial  Fluid  will 
put  on  nearly  an  oblong  Spheroidical  Figure, 
whofe  Axis  produc'd  goes  thro'  the  Sun ;  For  if, 
in  the  foregoing  reafoningjihe  Body  L  does  not 
fignify  the  Moon,  but  the  Sun,  the  Propoficion 
is  plain.  But  the  Axis  of  this  Spheroid  does 
not  fo  much  exceed  the  Diameters  which  are 
perpendicular  to  it,  as  it  does  in  the  Spheroid 
that  the  Moon  produces.  Tor,  becaufe  the  E- 
levation  of  the  Fluid  at  C,  under  the  Moon  L, 
arifes  from  this,  that  it  gravitates  more  towards 
the  Moon  than  the  Earth  itlelf(  which  is  to  be 
look'd  upon  as  plac'd  at  T",)  becaufe  it  is  nearer 
to  it;  but  its  Elevation  at  the  Point  ^arifes 
from  this,  that  the  Earth  at  7"  gravitates  more 
towards  the  Moon  than  the  Fluid  at  A  as  being 
nearer  to  it ;  the  Fluid  at  C  drawn  by  the  Moon 
(to  ufe  Kepler's  Expreffion)  leaves  the  Earth  be- 
hind it,  but  the  Fluid  ar  A  is  as  it  were  left  by 
the  Earth :  If  this  is  occafion'd  by  the  Sun's  A- 
(ftioni  the  EfFeAs  won't  be  fo  fenfible,  becaufe 
the  Scmidiameter  TC  or  TA  of  the  Earth  almoft 
vanilhes,  in  refped  of  the  immenfe  Diftance 
between  the  Earth  and  the  Sun^  which,  in  re- 
fpea  of  the  Diftance  between  the  Earth  and 
the  Moon  (which  fcarce  exceeds  thirty  Diame- 
ters of  the  Earth)  is  fenfible  enough ,-  and  there- 
fore the  Gravity  of  the  Fluid  atCis  but  infenfi- 
bly  greater  towards  the  Sun  than  at  T,  and  the 
Gravity  of  that  part  of  the  Fluid  which  is  at^ 
infenfibly  lefs  than  the  Graviry  of  the  pare  of 
itwhich  is  at  T;  whence  the  Spheriod  thus  pro- 
duc'd by  the  Sun  will  be  but  little  rais'd  above  a 
Sphere 
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Sphere  at  its  Vertices  C  and  J,  and  little  de- 
prefs'd  below  the  furface  of  a  Sphere  in  the  Cir- 
cle BD.  Yet  this  Elevation  of  the  Terreftrial 
Fluid  in  C  and  J,  and  the  Depreffion  of  ic  in 
the  Circle  B  p,  will  be  fomething  fenfible,  up- 
on account  of  the  immenfe  Forces  oftheim- 
inenfe  Body  of  the  Sun,  tho'  at  a  vaft  diflance. 

Pboposition  LXV. 

THE  Fleiving  mid  Ehb'mg  cftht  Sea  art  ow'ii^ 
to  the  oblong  Spheroidieat  Figures  of  the  Fluid 
that  coven  the  Globe  of  the  Earth ,  luhofe  Axes  pro- 
due  d go  thro  the  Sun  and  Moon. 

J.  Kepler  was  the  firft  (chat  I  know  of)  that 
■difcover'd  the  true  caufe  of  the  Tide,  and  he 
explains  it  largely  in  his  IntrodttBicn  to  the  Pby- 
"fics  of  the  Heavens,  given  in  his  Commentaries  tt 
■the  Motion  of  the  pLxet  Mars,  where  afrer  he  has 
dhewn  the  Gravity  or  GraTJtation  of  all  Bodies 
towards  another,  he  thus  writes:  The  Orb  ofrbi 
mttrait'mg  Power,  which  is  in  the  Moon  is  extendedh 
fan  as  the  Earth,  and  draws  tht  Waters  under  tit 
'Torrid  Zone,  ailing  ufon  places  -where  it  is  'vertkal^ 
infenflhly  on  included  Seas,  but  fenjihly  on  the  Ocean, 
s>hofe  Beds  are  large^  and  the  Waters  have  the  liberty 
ef  reciprocation,  that  is,  of  rifing  and  falling;  and  in 

the  70'h  Page  of  his  Lunar  Agronomy, But  the 

eaufeoftha  Tides  of  the  Sea  appear  to  be  the  Bodies 
efthe  Sun  and  Moo»  drawing  the  Waters  of  the  Sea. 
■Afterwards  that  incomparable  Philofopher  Sir 
-ffa.-jc  Newton,  improv'd  the  hintj  and  wrote  To 
amply  upon  this  Subjeta  as  to  make  the  Theory 
of  the  Tides  his  own,  by  fhewing  that  the  Wa- 
ters of  the  Sea  rife  under  the  Moon  and  the 
Tlace  oppofite  to  it:  For  Kepler  believ'd  that 
the  Impetus  occafiond  by  the  preftnce  of  tht 
Moan,  bj  the  abfence  (f  the  Moon  occafions 
another 
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amthiT  Impetus ;    till  the    Moott    retur?j'mg,  fiofs 
\d   tKodtratei   the    Force    of   that   Impetus,  and 
inlei  it  round  wUh  its  motion.    Therefore  this 
ipheroidical  Figure  which  ftands  out  above  the 
Sphere  {'like  two  Mountains^  the  one  under  th« 
Aloon  and  the  other  in  the  place  oppofite  to  it) 
together  with  the  Moon  (which  it  follows)  is 
carried  by  the  Diurnal  Motion,  for  rather,  ac- 
tording  to  the  truth  of  the  matter,  as  the  Earth 
turns  towards  the  Eaft  it  leaves  thofe  Eminen- 
,cies  of  Water,  which  being  carried  by  their  own 
.motion  flowly  towards  the  Eaft,  are  as  it  were 
tinmov'd)  in  its  journey  makes  the  Water  fwell 
twice  and  fink  twice  in  the  fpace  of  zf  Hours, 
in  which  time  the  Moon  being  gone  from  the 
Meridian  of  any  Place,  returns  to  it  again.  But 
becaufe  (by    the  Schol.  of  the  foregoing  Trtf.) 
the  Terreflrial  Fluid  rifes  alfo  in   the   Places 
where  the  Sun  is  in  the  Zenith  or  Nadir,  tho' 
,lefs  than  when  the  Moon  is  in  thofe  Places  j 
in  the  Conjun(9ion  and  Oppofition  of  the  Lu- 
'  jninaries  the  faid  Eminences  of  Water  will  alfo 
be  joyn'd,  the  greateft  Elevation  will  happen 
when  both  the  Luminaries  are  (at  the  Conjunfli- 
on)  in  or  near  the  Zenith,or  (at  the  Oppofition ) 
the  one  in  the  Zenith  and  the  other  in  the  Nadir; 
alfo  the  greateft  Depreflion  will  happen  when  the 
Luminaries  are  both  at  the  Horizon,  becaufe  the 
Water  is  at  one  time  raifed  by  both  the  Forces, 
and  at  another  time  hinder 'd  by  them.    In  the 
Quadratures  of  the  Luminaries  the  Sun  raifes 
the  Water  where  the  Moon  depreffes  it ;  and 
from  the  differences  of  the  Forces  the  leaft  ele- 
Yation  of  the  Water  arifes,  and  alfo  the  leaft  de- 
^.prelfion.     Between  the  Syzygies  and  Quadra- 
tures of  the  Luminaries,  the  Effefls  appear  to 
be  intermediate,  as  the  Caufes  require  thev 
fliould.  if 


I 


6io        The  Elements     ^63 

If  the  Moon  is  in  the  ^quinoAial  Qrcle,  the 
two  oppofice  £minen«s  of  Water  will  be  in  the 
Terreftrial  jEquator,  and  each  of  them  defcri- 
bing  with   its  Motion  that  Circle  of  the  Earth 
wiilbe  more  agitarcd,and  therefore  will  berais'd 
up  higher againft  the  Shore  when  ic  reaches  it; 
befittes  that  fince  the  Earth's  Diameter  is  greater 
than  any  och.r  Right  line  drawn  thro'  the  Cen- 
ter of  the  Earth  and  terminated  on  either  Hde  by 
its  Surface,   the  Water  will  by  the  Forces  of  the 
Luminaries  be  railed  (cateris  p.:ribui)to  a  greater 
height  in  that  Circle  than  any  where  elfe.  And 
therefore  when  the  two  Luminaries  are  Jn  Con- 
junftion  or  Oppofition  tn  the  ^Equator,  they 
|oyn  their  Forces  to  raife  the  Water  in  the  Ter- 
reftrial  ^quHror,which  happens  in  the  Syzygies 
near  the  j^quinox ;  chat  is,  fuch  as  happen  on 
the  Months  of  March  and  Septemhtr  ;  the   Tides 
then  produc'd  will  be  the  greateft  and  the  moft 
agitated,   and    the    Tides  which    in   the  (aid 
Months  happen  in  the  Quadratures  will  be  the 
leaft  ot  all  and  the  leaft  agitated,  as  being  the 
EiFei:its  of  the  difference  ot'  the  Forces  of  cbs 
Moon  in  its  greateft:  Declination  from  the  &■ 
quator;  i' namely ,when  the  Moon  is  in  Quadra- 
ture to  the  Sun  in  the  Equator,  and  therefore 
in  the  Solftitial  Points  of  the  Zodiac)  and  there- 
fore produces  the  leaft  and  leaft  agitated  Tide, 
;ind  ib  being  the  occalion  that  the  Sun,  which 
.  lias  no   Declination,  produces  its  greateft  and 
.moft  agitated  Tides;  the  contrary  of  which 
happens  about  the   Solftices,    when  the  leaft 
Tides  happen  whilft   the  Luminaries  are  in  the 
I  -Syzygies,  (I  mean  the  leaft  of  thofe  that  do  hap- 
[  -pen  in  the  Syzygies)  and  the  greateft  (taken  in 
the  fame  SenTe)  in  the  Quadratures. 

Again, 
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Again,  the  Tides  (caterh  -paribus)  are  greateft 
hen  the  Luminaries  are  in  their  Perigxum, 
ind  leaft  when  in  their  Apogaeum  ;  and  as  that 
happens  to  the  Moon  at  the  time  of  every  Lu- 
nation, but  to  the  Sun  only  in  Winter  ;  this, 
joyn'd  with  the  former  caufes,  occafions  the 
greateft  Tides  to  happen  in  the  Syzygies,  and 
the  leaft  in  the  next  Quadratures  before  the 
Vernal  and  after  the  Aututnnal  j$!quinox. 

We  have  hitherto  conilder'd  the  Properties  of 
the  Tides  as  they  aifeft  the  whole  Globe  of  the 
£arth  :  Now  we  muft  conllder  them  according 
9.1  they  happen  in  Habitations  or  Places  of  dif-. 
,  ferent  Latitudes.  In  order  to  which  let  BEKA^H 
Lfe-y^O  reprefent  the  Earth,  whofe  Center  is 
Ti  the  Pole  A  and  B,  this  the  North  Pole  and 
the  other  the  South  Pole,  E  ^  the  vEquator, 
and  the  Circles  CD,  FG,  two  Parallels  to  it, 
the  laft  being  on  the  North-lide,  and  the  firft 
on  the  South-/ide  of  it,  Let  the  Fluid  cJrcum- 
fus'd  about  the  Earth,form  iz  felf  into  an  oblong 
Spheroid  pointing  to  the  Moon,  whofe  Axis 
K  H,  being  produc'd  beyond  //,  will  go  thro* 
the  Moon,  as  has  been  (hewn  in  the  foregoing 
Trof.  the  Right  line  TH,  or  TK,  will  be  the 
greateft  Height  of  the  Water  (reckoning  from 
the  Center)  and  TAf  or  TJV  the  leaft,  namely, 
the  Height  of  Water  that  is  found  in  any  Point 
of  the  CircleNA/;  as  for  E;c«wp^,  X  or  r  where 
it  meets  with  the  Parallels  CD  and  FG.  The 
Right  lines  TC,  TF,  TD  and  ro,  will  ftiew  the 
Height  of  the  Water  in  the  refpe<Sive  points 
C,  F,  D,  and  G;  and  the  Circle  PO  being  drawn 
parallel  to  the  Circle  N  M,  the  Kight  line  To 
will  be  equal  to  the  Height  of  the  Water  in  the 
Points  0,V,S,k  and  P,  where  the  faid  Circle  TO 
meets  with  the  j^quacor  and  the  refpcAive  Pa- 
this 
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^^^B  conElder  ihe  Place  which  by  its  Diurnal  Motion 
^^^H-  defcribes  the  Parallel  C£>;  Iris  plain,  that  when 
^^^V  this  plHce  is  in  D,  the  Height  of  the  Sea  TD,  is 
^^^f  the  greateft ;  that  is,  that  it  is  high  Tide  or 
^^^R*  Flood  when  the  Moon  L  is  in  the  Meridian  ; 
^^|l  but  afterwards  chat  in  the  fame  Plfice  the  Height 
^^^K  of  (he  Water  is  the  Lcaft,  when  the  Place  by  its 
^^^^H  revolution  is  come  to  X,  as  has  been  Ibewn  be- 
^^^^  fore  ;  and  again,  that  it  is  Flood  when  the  Place 
^^^V  is  come  to  C.  But  becaufe  TD  is  greater  thari 
^^^K''  rc  (as  being  nearer  to  the  longeft  tine  TH)  in 
^^^H  the  prefent  cafe  when  the  Moon  declines  to  the 
^^^B  elevatedPoIe,  the  Height  of  the  Sea  will  be  grea- 
^^^H  terwhencheMoonisin  that  part  of  the  Meridian 
^^^■-  above  the  Horizon,  than  when  it  is  in  thepartof 
^^^B  ^he  Meridian  which  is  below  it.  Likewlfe  TG  ' 
^^^B  lefs  than  TF,  being  nearer  to  TM ;  that  is,  in 
^^^V  Place,  which  by  its  Diurnal  Motion  dercribes 
^^^B  Parallel  f  G,  the  greatefl  Height  of  Water,  whi 
^^^B  happens  when  the  Moon  declining  towards  i 
^^^H  deprefs'd  Pole  £,  is  in  that  part  of  the  Meridi  _ 
^^^"  which  isabovetheHorizon,  islefsthan  thegi-eai 
efl  Height  which  happens  whilfl  the  Moon  is 
come  to  the  other  half  of  the  Meridian. 

Moreover,  the  difference  of  the  faid  Tide, 
Which  is  ,'icernately  higher  or  lower  (in a  Place 
fituaied  out  of  the  jEquacor,  as  the  Moon  comes 
to  the  viiibic  or  hidden  part  of  the  Meridi 
will  be  greater,  if  i:  be  joyn'd  with  fome  ofi 
caufes  before  expluin'd  which  produce  the  fa 
kind  of  efiedts,  as  for  Example,  ac  the  time 
the  Solftices;  for  then  each  Luminary  very 
much  declines  from  the  jEquator,  on  which 
Dciclination  it  has  been  fliewn  that  the  altera- 
tion of  the  Tides  depend.  And  the  Effe<fts  will 
yet  be  encreas'd,  if  the  afcending  Node  of  the 
Moon't 
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Moon's  Orbit  be  in  ihe  Vernal  jEquinox ;  for 
then  the  Moon  being  in  Conjundion  with  the 
Sun,  befides  a  Declination  equal  to  the  Sun's 
greateft  Declination,  does  then  (  being  in'  the 
Limit)  decline  ftill  more  to  the  North  or  South 
by  the  Quantity  of  its  greateft  Latitude. 

Things  would  be  exa^Iy  thus,  if  the  Globe 
of  the  Earth  was  cover'd  with  Water  of  a  fuffi- 
cient  depth  ;  but  by  reafon  of  great  and  fmall 
Iflands  which  ftop  the  Tide,  and  the  Streights 
between  them,  alfo  the  Shelves  and  Shallows, 
along  which  the  Tides  are  to  be  propagated, 
the  variety  of  this  Phenomenon  is  almoft  infi- 
nite. But  when  you  know  the  fituation  of 
themin  refpciftofeach  other,  and  juft  obferva- 
tions  of  the  Tide  are  exaiftly  had,  you  may  find 
out  the  Reafons  of  all  the  particular  Phsenome- 
na  of  the  Tide,  becaufe  they  naturally  flow  from 
what  has  been  laid  down.  ISut  as  rhefe  are  not 
to  our  purpose,  and  even  what  we  have  hither- 
to ftiewn,  are  only  as  Lemma's  for  determining 
the  Figure  of  the  Moon,  we  fhall  not  enter  upon 
the  detail  of  fuch  Particulars. 

Proposition  LXVL    Lemma. 

IF  the  Moon's  Globe  was  every  ivbere  covered  -wUh 
a  deep  Sea  like  our  Sea,  it  inottd  put  on  the  Pi- 
gure of  an  oblong  Spheroid ivhofe  Axis  profited wou'd 
pafs  thro'  the  Earth:  And  the  Height  of  the  Lunar 
Fluid,    in  the  parts  of  the  Moon  which  are  towards 
us,  and  thofe  that  are  turn'd  from  hi,  above  a  Sphere 
infcrib'd  in  the  Spheroid^  wou'd  be  to  the  analogous 
Height  ef  our  Sea  in  the  parts  which  are  under  the 
Moon,  and  thofe  which  are  d'sametricallji  oppojire  to 
them,  above  a  Sphere  iKfcrib'd  in  the  Spheri  id,  in  a 
I  Ratio    compounded  of  the  Ratio  of  the  accelerating 
KCravity  of  the  Moon  towards   th»  Earth,  to  she  ac 
\feltTilting  Gravitj  of  the  Earth   towards   the  Moon, 
O  o  o  and 
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and  the  Ratio  of  the  Momt  Diameter  tt  tht  Earth'' t 
Diamerer. 

That  the  Lunar  Fluid  won'd  rife  up  into  a 
Spheroidical  Figyre,  whofe  Axis  wou'd  pafs 
thro'  che  Earth  is  plain  from  the  fame  Argu- 
ments, which  we  made  ufe  of  in  the  64'^''  Vrof. 
to  prore  that  che  Terreftrial  Fluid  wou'd  put  on 
fuch  a  Figure.  For  (ince  it  has  been  fufficiently 
ftiewn  in  the  firft  Book,  that  all  Bodies  are  hea- 
vy, we  uiay  very  well  ask  with  KtpUr^  in  his 
Liiiiur  Jfironomyf  IVhy  ive  may  notfiij  that  the  Earth 
.  drams  the  Lunar  IVateri,  as  well  •a  the  Moon  dratvs 
tht  Terrejiri-d  H'aters  ?  Moreover,  if  the  accele- 
rating Gravity  of  the  Earth  towards  the  Moon 
was  equal  to  the  accelerating  Gravity  of  the 
Moon  towards  the  Earth,  ( that  is,  if  there 
was  the  fime  Quantity  of  Matter  in  the  Moon 
as  there  is  in  the  Earth  j )  it  is  plain  that  the 
Fluids  of  the  fame  Denfity  with  which  thefe 
two  Globes  are  covered,  will  put  on  llmilar 
Spheroidical  Figures.  For  there  can  not  be 
any  reafon  thought  of  why  the  Fluid  of  one 
Globe  Ihou'd  rile  into  a  more  fliarp  Spheroid 
than  that  of  the  other:  For,  excepting  the 
Mafs  alone,  in  the  prefent  cafe,  all  things  are 
equ!)l  on  both  fides.  And  when  all  things  ne- 
ceiTary  for  producing  every  kind  of  Equality 
are  fuppos'd,  excepc  the  Mafs,  inftead  of  all 
kind  of  Equality  a  Likenefs  or  Similarnefs  will 
be  produc'd.  The  two  Schemes  [j%.  y8.]  will 
fliewtheilmilarSpheroidical  Figures  in  which  the 
Moon  (whofe  Center  is  L)and  the  Earth  ( whofe 
Center  i;  7")  wou'd  raife alternate  Fluids  of  equal 
Mafs  or  Dcnfity;  L  B,  TA  the  Axes  of  thofe  Fi- 
gures wou'd  lye  in  direBum,  by  Pro;?.  64.  If  the 
Spheres  ¥D^  EC,  cutting  che  Axes  in  C  and  D, 
be  fuppos'd  to  be  inftrib'd  in  thefe  Spheroids, 
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by  reafon  of  the  fimilartiefs  of  the  Sphetoidical 
Figures  in  the  prefent  cafe,  B  L  will  be  to  L  ^ 
as  TA  to  TE,  and  by  dividing,  B  D  to  £  f,  as 
AC  to  TE,  and  again,  B  D  to  A C,  us  L  F  to 
TE\  that  is,  if  the  accelerating  Gravity  of  the 
Earth  towards  the  Moon,  and  of  the  Moon  to- 
wards the  Earth  was  eqaal,  the  Elevation  of  the 
Lunar  Fluid  in  the  neareft  and  the  remotelE 
parts  above  the  inferib'd  Sphere,  wou'd  be  to 
the  analogous  Elevation  of  the  Terreftrial  Fluid 
in  the  places  under  the  Moon  and  thofe  that  are 
oppofite  to  it,  as  the  Diameter  of  the  Moon  to 
the  Diameter  of  the  Earth.  Again,  if  the 
Earth  and  the  Moon  had  equal  Diameters,  the 
Heights  above  the  infcrib'd  Spheres,  to  which 
Fluids  of  equal  Denfity  wou'd  rife,  wou'd  be  as 
the  accelerating  Gravities  in  the  attracting  Bo- 
dies themfelvesj  that  is,  the  Height  of  the  Sphe* 
roid  to  which  the  Lunar  Fluid  is  rais'd  above 
the  Sphere,  in  the  parts  neareft  to  and  fartheffi 
remov'd  from  the  Earth,  wou'd  be  to  the  hke 
or  iimilar  Height  of  the  watry  Spheroid  above 
the  infcrib'd  Sphere,  to  which  the  Terreftrial 
Fluid  is  rais'd,  as  the  Moon's  accelerating  Gra- 
vity towards  the  Earth,  to  the  accelerating 
Gravity  of  the  Earth  toward  the  Moon.  And 
therefore  tho'  neither  the  accelerating  Gravity 
of  the  Earth  towards  the  Moon  be  equal  to  the 
accelerating  Gravity  of  th"  Moon  towards  the 
Earth,  nor  the  Diameter  of  the  Moon  equ^l  to 
the  Diameter  of  the  Earth;  yet  the  Height  of 
the  Lunar  Fluid  above  the  Sphere  (infcrib'd  in  a 
Spheriod)  on  thofe  parts  of  the  Moon  which 
■re  turn'd  towards  us,  and  thofe  which  are 
turn'd  from  ui,  will  be  to  the  analogous  Height 
to  which  our  Sea,  In  thofe  places  that  are  un^ 
its  iho  Moon,  and  fuch  places  as  are  diamerri- 
^  '  Ooo  >  sally 
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cally  oppofite  :o  them,  does  rife  above  the 
Sphere  infcrib'd  in  the  Spheroid,  in  a  Ratio 
compounded  of  the  Ratio  of  the  Moon's  Dia- 
meter to  the  Diameter  of  the  Earth,  and  the 
Ratio  of  the  accelerating  Gravity  of  the  Moon 
towards  the  Earth,  to  the  accelerating  Gravity 
of  the  Earch  towards  the  Moon.     ^  E.  D. 

Proposition  LXVII. 

TO  Jefijit  the  ohlong  Spheroidical  Figure  of  the 
Moon, 

It  has  in  former  Propofitions  been  fliewn,  that 
the  Moon  was  feme  time  every  where  cover'd 
with  a  Fluid  (which  appears  from  its  Spherical 
figure)  and  that  that  Fluid  has  been  of  an  ob- 
long Spheroidical  Figure,  whofe  Axis  goes  thro* 
the  Earth.  But  becaufe  almort  the  fame  Face 
of  the  Moon  is  always  turn'd  towards  the  Earth, 
(which  happens  upon  account  of  the  Moon's 
Period  about  its  own  Axis  being  equal  to  the 
Moon's  Period  about  the  Earch,  as  was  fhewn 
in  the  68i'>  Vrof.)  the  Situation  of  the  Eminen- 
cies  of  that  Spheroid  beyond  the  Globe  of  the 
Moon  will  always  be  the  fame  on  the  Moon's 
Surface.  Then  as  the  Fluid  or  foft  Matter  of 
the  Moon,  became  hard  by  degrees,  the  Emi- 
nences of  this  Spheroid  on  the  Moon's  Surface 
being  at  reft,  alfo  became  hard,  and  the  Moon 
from  foft  becoming  hard,  retains  this  oblong 
Spheroidical  Figure  ;  otherwife  than  it  happens 
in  the  Earth,  in  which  the  Fluid  Eminences  of 
the  Spheroid  above  the  infcrib'd  Sphere,  upon 
account  of  the  fwift  Motion  of  the  Earth  about 
its  own  Axis  are  m  a  perpetual  Rotation  about 
the  Earth  and  preferve  their  Fluidity. 

To  determine  of  what  kind  this  Spheroidical 
Figure  is,  we  mufV  obfsrve  that  in  the  forego- 
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wig  Prop,  it  has  been  demonftrated  that  the  px- 
cefs  of  the  Axis  of  an  oblong  Spheroid  above 
the  Diameter  perpendicular  to  it,  is  to  the  Ex- 
eefs  of  the  greateft  Height  of  our  Sea,  ocea- 
fion'd  by  the  Forces  of  the  Moon  alone  above 
the  leaft  Height  of  it  in  a  Ratio  compounded 
of  the  Racio  of  the  accelerating  Gravity  of  the 
Moon  towards  the  Earth,  to  the  accelerating 
Gravity  of  the  Earth  towards  the  Wtoon,  and 
the  Ratio  of  the  Moon's  Diameter  to  the  Dia- 
meter of  the  Earth:  But  each  compoundipg 
Ratio  is  given,  the  firft  from  the  62'*  prop,  the 
laft  from  Prop,  jg  ;  therefore  the  compounded 
Ratio  is  given,  namely,  the  Ratio  of  the  Excefs 
of  the  Axis  of  the  Moon's  Spheroid  above  the 
.Diameter  which  is  perpendicular  to  it,  to  the 
Excels  of  the  greateft  Height  of  our  Sea,  occa- 
llon'd  by  the  Force  of  the  Moon  alone  above 
the  leaft.  But  this  Excefs  is  given  by  Obferva- 
tion ;  therefore  the  other  alfo,  namely,  the  Ex- 
cefs of  the  Axis  of  the  Lunar  Spheroid  above 
the  Diameter  perpendicular  to  it :  But  the 
Moon's  Diameter  is  given,  by  Prop.  59;  there- 
fore alfo  the  requir'd  Axis  of  the  oblong  Sphe- 
roid. And  therefore  alfo  the  Moon's  oblong 
Spheroidical  Figure  is  defin'd.     ^  E.  F. 

The  Figure  of  the  Mcon  is  compounded  of 
the  prolate  Spheroid,  defin'd  in  Prop.  6;.  and 
,  of  the  oblong  one  determin'd  in  this  6y'-'^  Pro- 
I'pofition.  But  if  its  Surface  was  cover 'd  with 
L^  Fluid,  there  would  befides  be  a  third  ob- 
rlong  Spheroidical  Figure,  made  by  the  diftur- 
rting  Force  of  the  Sun,  whofe  Axis  produc'd 
r  wou'd  go  thro'  the  Sun,  and  therefore  whofe 
J  Eminences,  in  one  Rotation  of  the  Moon  a- 
I  Jiout  its  own  Axis,  wou'd  go  over  the  whole 
Cpompafs  of  the  Moon  like  our  Tide.  The 
O  0  0  J  high- 
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[  liigheft  Elevation  of  this  Fluid  above  the  de- 

I-  fin'd  Figure  of  the   Moon,  wou'd   be  to  the 

I  plevacion  of  our  Sea,    produc'd  by  the  Sun's 

Force  only,  as  the  Oiaui^ter  of  the  Moon  to 

the  Diameter   of    the  Earth,    and  therefore 

jtnown. 

Wha:  has  been  faid  of  the  Earth  and  of  the 
>loon  its  SatelUte,  is  atfo  true  of  Jupiter  and 
Saturn  and  their  Satellites,  if  thofe  great  Bodies 
either  now  are,  or  have  formerly  been  Fluid  ; 
For  the  mutual  Gravity  of  Bodies,  the  Endea- 
vour to  recede  from,  the  Axis  of  Motion  in  ro- 
tated Bodies,  and  the  nature  of  a  Fluid,  are  the 
fame  at  Jupiter  and  Saturn  as  at  the  Earth. 


Section  XIII. 
Of  Saturn's  £jng  and  its  Pbafes, 
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HAving  fiiewn  and  demonftrated  the  Geo- 
metrical Methods  by  which  the  reafons  of 
what  has  been  oblerv'd  of  the  Secondary  Pla- 
nets and  their  Phafes  are  explaln'd,  and  their 
Quantities  are  decermin'd,  the  fame  muft  be 
done  in  refpeift  of  the  Ring  or  Arch  which  en- 
compaffes  Saturn,  becaufe  it  may  be  look'd  up- 
on as  a  Satellice,  and  therefore  ought  here  to 
be  fpoken  of,  now  that  we  have  explain'd  other 
things  conQerning  Satellites. 

Proposition  LXVIlf. 

TO  lUjim  thf  Magnitude,   Figure,  and  S'ltuatkn 
of  the  Ring  ii/'jich  enccmpafei  Saturn. 
Saturn's  Ring  is   thin,  plane,  and  no  where 
cohering  to  Saturn's  Globe-  [fig.  j^.]  the  laft  of 
which  is  plain,  becaufe  we  can  fee  the  Fix'd 
StaiSL 
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Stars  thro'  the  Space  GCB,  between  the  Ring 
and  Saturn. 

The  Semidiameter  of  the  Ring  is  to  the  Semi- 
diameter  of  Saturn  as  Two  and  a  half  to  One, 
and  the  Interftice  between  the  Globe  of  Saturn 
and  GCH,  the  innef  Limb  of  che  Ring  is  equal 
to  CD,  the  breadth  of  the  Ring.  Its  two  Sur- 
faces, -uiz,.  GDFHC  feen  here,  and  the  other 
hidden  one  parallel  to  It,  are  Planes,  but  yet 
not  poHfh'd  like  a  Speculum,  but  refleding  the 
light  of  the  Sun  that  falls  upon  it,  every  way. 
The  thicknefs  of  the  Ring,  or  the  diftance  be- 
tween the  two  faid  Planes,  is  feniibk,  tho'  not 
very  great :  It  either  doesnot  at  all,  or  docs  but 
very  Htde  reflet  the  Sun's  Rays  falling  upon  it; 
or  perhaps  like  a  Speculunij  refleifls  che  Light 
diverging  from  one  Point,  and  not  coming  at 
the  Earth. 

ThisRing,  (which,  upon  account  of  its  Gravi- 
ty towards  the  Center  of  Saturn,  is  like  an  Arch 
every  where  fuflain'd  at  an  equal  Diftance  from 
Saturn)  if  it  has  any  Revolution,  has  it  about 
its  own  Axis,  or  a  Right  line  drawn  from  the 
Center  perpendicular  to  its  parallel  Surfaces  j 
and  therefore,  by  reafon  of  its  Uniformity,  ap- 
pears to  a  diftant  Obferver  to  be  at  reft.  Ic  is 
very  probable  that  Saturn  itfelf  revolves  about 
the  faid  Axis  upon  rhe  Poles  P,p;  fo  that  the 
Ring,  in  the  produc'd  Plane  of  Saturn's  jEqua- 
tor,  encompafTes  this  Planet  at  a  Diftance  from 
its  Surface  fomething  .greater  than  rhe  fourth 
part  of  its  Diameter. 

All  thefe  things  appear  to  anEye  afflfted  with 
a  good  Telefcope,  and  are  meafur'd  by  the  help 
of  a  Micrometer;  that  is,  are  compar'd  with 
the  Globe  of  Saturn.    '  - 

O  0  o  4  Saturn 
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Saturn  encompafs'd  with  his  Ring,  is  carriej 
ibout  the  Sun  in  its  Orbit,  after  the  fame  man 
ner  as  the  Earth  in  its  Orbit,  which  we  have  de- 
fcrib'd  in  the  30'*'  Prop,  of  Book  i.  namely  the 
■  Ring,  and  therefore  perhaps  the  jEquator  of 
-Saturn,  are  carried  in  the  Plane  of  the  Orbit, 
'  the  Axe  always  being  parallel  to  itfclf ;  and  the 
Plane  of  the  Ring  is  always  inclin'd  in  the  fame 
Angle,  namely,   of  2;^  Degrees,  to  the  un- 
mov'd  Plane  of  the  Ecliptic,  and  therefore  al- 
ways in  the  fame  Angle  to  the  Orbit  of  Saturn. 
About  the  Year  of^our  Lord  i6j9,  the  com- 
mon interfedion  of  the  Ecliptic  and  of  the 
Plane  of  Saturn's  Ring,  was  obferv'd  by  Chri- 
fiian  Hugcns,  to  be  in  the  la^  Degree  of  Virgo, 
and  the  zo^  Degree  of  ?tfcis:  For  at  that  time, 
when  Saturn  was  in  thofe  Points,  it  appear'd 
without  Handles  or  its  Ring ;  in  the  20^  Degree 
of  Gemini  and  Sagirtanus,  namely,  the  moft  re-    • 
mov'd  Points  from  the  former,  the  Handles  ap- 
pear'd the  moft  open  and  drawn  afunder,  be- 
caufe  the  Circle  of  the  Ring  being  then  fecn 
with  very  little  Obliquity,  purs  on  the  Figure 
of  a  broad  Ellipfis.     But  becaafe  the  faid  Points 
at  2o4-  Degrees  of  *^,  and  of  K,  are  not  very 
far  diftant  from  the  Points  where  the  common 
Interfedtion    of  the  Terreftrial  Equator,  with 
the  faid  Plane  of  the  Echptic,  going  thro"  the 
Sun  meets  with  the  Ecliptic,    and  thefe  two 
Planes  are  inclin'd  in  equal  Angles  to  the  Plane 
cf  the  Ecliptic  ;    thsfe  two  Places,    namely, 
that  of  the  yEquator,    and   that  of    Saturn's 
Rin^,  will  he  nearly  parallel  to  each  other. 
And  therefore  if  this  Ring  be  obliquely  look'd 
upon  from  the  Ear:h,  an^l   for  this  reafon  ap- 
pears  Elliptical,  the  greater  Axis  of  this  EUipfe 
will  be  nearly  parallel  to  the  Celeftial  ^Equator. 
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It  is  likely  that  the  faid  Right  line  (which  is 
the  common  Interfedtion  of  the  Plane  of  the 
,Ring  of  Saturn,  and  the  Plane  of  the  Ecliptic) 
'  is  carried  in  antecedentia^  by  an  angular  Motion. 
If  this  Ring  be  conneded  with  Saturn's  jEqua- 
tor  magnetically,  or  by  any  other  impercep- 
tible manner  (for  it  is  plain  from  Obfervation 
that  it  touches  it  no  where,)  fo  that  the  Planes 
■  of  them  may  always  coincide  in  one ;  Saturn's 
Equinodial  Point  will  go  backward:  For  this 
Ring  is  fo  much  redundant  Matter  about  Sa- 
turn's Equator  ;  whence  (by  Trof.  64.  B.  i.)  we 
find  the  Motion  of  thofe  Points  in  antectdmtia^ 
after  the  fame  manner  as  that  of  the  Terreftrial 
jEquinodial  Points-  If  tlie  Ring,  like  a  Se- 
condary Planet,  performs  its  Motions,  not  de- 
pending upon  Saturn's  Globe,  the  Regrefs  of 
the  forcfaid  Line  will  be  plain,  from  Frof.  14. 
,     Book  4. 

'        Moreover,  the  Angle  which  the  Plane  of 

;     the  Ring  contains  with  the  Plane  of  Saturn's 

j      Orbit,  will  be  greater,  by  Tmf.  1  j.  when  Saturn 

I      is  in  their  common  Interfedion,  than  when  it 

I      is  any  where  elfe;  and  leaft  of  all  when  Saturn 

is  moft  diftant  from  it:  But  thefe  Changes  are 

fo  fmall  as  to  be  fcarce  obfervable  from  the 

Earth. 

Proposition  LXIX. 

TO  defcribe  and  define  theThafes  of  Saturn  iRingj 
fcenfrem  the  Sun.  [fig.  6o.j 
We  begin  by  what  Phienomena  happen  when 
the  Spedacor's  Eye  falls  in  wich,  er  is  at  the  il- 
luminating Body,  as  being  the  moft  fimple  and 
leading  to  the  others.  Firft,  it  is  plain,  that 
when  Saturn  is  feen  from  the  Sun,  as  at  A  or  7, 
(in  the  Figure  where  we  have  reprefented  Sa- 
,  ~  turn. 
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mm,  together  with  in  Ring  carried  parallel  to 
it  felf,  with  the  Figure  of  the  Difc's  Appearance 
drawn  tefpeiftively  behind  each  Reprefentadon 
of  Saturn}  that  we  can  fee  neither  Face  of  the 
Ring,  and  that  upon  a  double  account:  For 
firft,  (ince  in  that  cafe  the  Plane  of  the  Ring 
produc'd  'goes  thro'  the  Sun,  neither  Face  of  it 
will  be  enlighten'd,  the  Sun's  Rays  only  Aiding 
by  on  each  fide  of  ic,  therefore  it  can't  be  feen^ 
as  being  obfcure;  then,  fince  the  Eye  is  alfo 
plac'd  in  the  Sun,  that  is,  in  the  Planes  to  be 
ieen  produc'd,  thofe  Surfaces,  tho*  enlighten'd, 
cou'd  not  be  feen.  If  the  Edge  of  the  Ring 
ihou'd,  like  the  Planets,  every  way  refleA  the 
Sun's  Rays  falling  upon  it,  two  irigbt  Arwt 
wou'd  ftand  out  in  a  Right  line  inclin'd  to  the 
Ecliptic,  in  an  Angle  of  ij-j:  Degrees  j  but 
fince  this  Edge  does  not  refle<a  the  Rays  I'as  has 
been  flicwn  in  the  foregoing  Propoficion)  the 
Arms  will  not  appear  extended  beyond  Satun  ' 
Difcj  but  becaule  the  Ring  croffes Saturn's 
lightned  Difc,  it  will  look  like  a  dark  Line 
clin'd  in  the  manner  before  mention 'd,  dra' 
thro'  the  Center  of  the  Difc:  But  this  darfe 
Line  alfo  will  appear  in  other  Pofitions,  fome- 
times  above  the  Center  of  the  Difc,  and  ibme- 
titnes  bent  below  it,  as  the  Situation  of  the 
dark  Edge  requires. 

As_Saturn  goes  from  /?,  thro'  B,  C,  &c.  to- 
wards K,  or  from  7,  thro'  K,  L,  Slc.  towards  N, 
the  Sun  is  by  degrees  rais'd  above  the  Face  of 
the  Ring,  either  the  one  or  the  other,  till  Sa- 
turn being  come  to  E  or  N,  a  Plane  drawn 
thro'  the  Sun  and  Saturn,  perpendicular  to  the 
Plane  of  the  Ecliptic,  is  alfo  perpendicular  to 
the  Plane  of  the  Ring,  and  the  Sun  is  rais'd  a- 
bout  23-^  Degrees  above  the  Plane  of  the  Ring, 
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in  which  cafe  that  Face  of  the  Ring,  which 
the  Sun  enlightens,  is  moft  illumiated  of  any, 
by  reafon  of  the  incidence  of  the  Sun's  Rays, 
which  are  then  very  direct:  And  the  Circular 
Limb  of  the  Ring,  the  Eye  being  alfo  plac'd 
in  the  Sun,  will,  from  the  Laws  of  Optics,  ap- 
pear an  Ellipfe,  whofe  greater  Axis  is  three 
times  the  length  of  the  lefler,  as  the  Radius  is 
almoft  three  times  the  Sine  of  2;-fI^egrees. 
And  then  as  Saturn  goes  from  E,  thro'  F,  G,  &c. 
towards  /,  or  from  JV,  thro'  O,  P,  &c.  towards  J, 
the  Sun's  Elevation  above  the  enlighten'd  Face, 
is  by  degrees  diminiih'd,  till  at  laft  it  enlightens 
neither  Face,  but  throws  its  Rays  along  or  pa- 
rallel to  both  of  them.  In  any  intermediate 
Situation  the  enlighten'd  Face  will  be  more  or 
lefs  fo,  according  to  the  greater  or  lefs  Diftance 
of  Saturn  from  the  Situation  A  or  7,  and  the 
circular  Ring  will  appear  under  the  Shape  of  a 
more  contraded  or  more  dilated  Ellipfe  ;  name- 
Jy,  its  greater  Axis  will  be  every  where  to  its 
leffer,  as  the  Radius  to  the  Sine  of  the  Angle  ia 
which  a  Right  line,  drawn  from  the  Eye  to  its 
Center,  is  inoUn'd  to  the  Plane  of  the  Ring. 
The  forefaid  Angle  in  which  the  Sun  (or  an 
Eye  in  the  Sun )  is  rais'd  above  the  Plane  of  the 
Ring,  in  any  Situation  of  Saturn  (namely  C  ) 
is  equal  to  the  Angle  in  which  the  Sun  is  rais'd 
above  the  Plane  of  the  Teireftrial  Equator, 
(that  is,  to  the  Sun's  Declination  from  the  jE- 
quator)  when  the  Earth  is  dittant  from  the 
Point  where  it  is  -Equinox  to  the  Inhabitants  of 
the  Earth,  by  an  Angle  equal  to  ASC,  and 
therefore  ii  may  eafily  be  found  by  the  Table 
of  Declination  of  the  Points  of  the  Ecliptic : 
For  (by  the  foregoing  Vrcp. !  the  greateft  Eleva- 
tion of  the  Sun  above  the  Plane  of  the  Terre- 
ftrial 
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final  ^qaator  is  equal  to  its  greateft  Elevation 
above  the  Plane  of  Saturn's  Ring. 

When  Saturn  flicks  near  the  Point  A^  the 
Ring  will  leaft  of  all  be  perceiv'd,  not  only  be- 
cacfe  the  leifer  Axis  of  the  Ellipfe  is  very  litde 
in  fUch  a  cafe,  but  chiefly  becaufe  it  will  be  but 
very  little  enlighten'd,  by  reafon  of  the  obli- 
quity with  which  the  Sun's  Rays  fall  upon  it, 
and  therefore  will  be  fcarce  perceivable  to  the 
Eye.  But  it  is  plain  by  experience,  that  to 
have  the  Face  of  the  Ring  enlighten'd,  fo  that 
it  may  be  vifible,  the  Sun  mull  be  at  leaft  three 
Degrees  above  its  Plane ;  in  order  to  which  the 
Heliocentric  Place  of  Saturn  muft  be  feven  or 
eight  Degrees  diftant  from  A  or  /,  and  there- 
fore all  the  time  that  Saturn,  feen  from  the  Sun, 
is  on  this  fide  or  beyond  the  Point  ^  or  /  (al- 
ready often  defcribed)  it  flicks  between  feven  or 
eight  Degrees,  that  is,  when  in  the  oppofite 
part  of  its  Orbit,  ic  runs  thro'  ihofe  fifteen  De- 
grees, which  lafts  about  as  many  Months,  its 
Biing  and  Arms  or  Handles  which  it  makes  wilt 
not  appear;  but  Saturn  will  appear  round  and 
alone  without  any  Ring.  But  thefe  Limits  will 
be  different  according  to  the  different  goodnels 
of  the  Obferver's  Eye,  and  length  and  good- 
nefs  of  his  Telefcope.  Thefe  are  the  chief 
Phenomena  of  the  Ring  that  encompaffes  Sa* 
turn,  feen  from  the  Sun;  and  this  is  the  I  " 
ner  of  determining  them. 


Ma^^ 


SCHOLIV  M. 
For  the  fnme  reafon,  the  Ways  of  the  Satel- 
lites revolving  about  any  Primary  Planet,  k%w 
from  the  Sun,  appear  (bmetimes  ftreight,  fome- 
times  Elliptical;  Streighr  when  the  Line  of  the 
Nodes  of  the  Satellites  produc'd  goes  thro'  the 
Sun; 
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Sun ;    when  alfo  the  Satellite  feen  from  the 
Sun  been  very  much  diftanc  from  its  Primary- 
Planet,  declines  alfo  very  much  from  the  way 
of  the  Primary  feen  from  the  Sun,  in  which 
cafe  the  Eclipfe  of  that  Satellite  running  into 
the  Shadow  of  the  Primary,  will  be  central^ 
and  therefore  (ceettris  faribus)  very  lafting,  and 
the  Siiadow  of  the  Satellite,  running  thro'  the 
lower  part  of  ics  Orbit,  falling  upon  the  Pri- 
mary, runs  over  the  Center  of  the  Difc  feen 
from  the  Sun.    Whence  the  Phenomena  of  the 
Sun  and  of  a  Satellite  feen  from  its  Primary, 
will  be  defin'd,  according  to  the  foregiven  Rule. 
Out  of  this  Situation  the  Way  of  a  Satellite, 
feen  from  the  Sun,  will  appear  to  be  an  Ellipfe, 
(that  is,  a  Circle  feen  obliquely,  j  whofe  grea- 
ter Axis  is  not  yet  in  the  apparent  Way  of  the 
Primary.  This  Ellipfe  will  have  its  fliorcer  Axis, 
the  lefs  by  how  much  nearer  the  Primary  is  to 
ihofe  Points  where  the  former  Phafis  happens, 
and  the  greater  by  how  much  it  is  more  re- 
mov'd  from  them;   and  therefore  the  longed 
of  all  (that  is,  this  Ellipfe,  which  the  Circular 
Orbic  of  the  Satellite  appears  to  be,  will  be 
broadeft)  when  the  Primary  is  in  the  Places  in- 
termediate between  thofe  memion'd ;  namely, 
when  a  Right  line  joining  the  Sun  and  a  Prima- 
ry Planet  is  very  little  oblique  to  the  Plane  of 
the  Orbit  of  a  Sarellitei  in  which  cafe  the  Satel- 
lite, in  its  greateft  Elongarion  from  its  Primary, 
will  appear  to  be  in  the  Way  of  the  Primary 
feen  from  the  Sunj  but  in  irs  Conjundion  with 
the  Primary,  it  declines  very  much  from  the 
faid  Way,  on  the  one  or  the  other  fide,  as  it 
is  in  the  inferior  or  fuperior  Semicircle  of  the 
Orbit.    Whence  it  happens  that  a  Satellite  in 
the  upper  part  of  its  Orbit,  will  be  very  far  di- 
Aant 
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ftant  from  the  Axis  of  the  Shadow  of  the  Pri- 
mary, and  in  the  lower  part  of  it,  the  Shadow 
of  the  Satellite  will  alfo  be  very  diftane  from 
the  Center  of  the  Difc  of  it*  Primary  feen 
from  the  Sun ;  therefore  according  to  the  Incli- 
nation of  the  Plane  of  the  Orbic  of  the  Pri- 
mary, and  according  to  the  Magnitude  of  the 
Satellite's  Orbit,  the  Eclipfes  ariling  hence  will 
be  (caterit  parilfus)  either  very  fiiort,  or  perhaps 
,   none  at  all.    In  the  intermediate  Place  the  Sa- 
tellite's Way  about  the  Primary  feen  from  the 
Sun,  will  be  an  Ellipfe  of  lefs  breadth,  and  all 
the  forefaid  things  will  be  mix'd.    And  all  thefe 
Phafes  will  happen  twice  in  one  Revolution  of 
the  Primary  about  the  Sun,  if  the  Line  of  the 
Nodes  always  remains  parallel  to  itfelf;  if  it 
moves,  all  variety  of  Phafes  will  happen,  from 
(he  time  that  that  Line  of  Nodes  produc'd  falls 
into  the  Sun,  till  it  be  again  directed  towards 
it.    And  converfly,  from  thefe  Obfervations  of 
thefe  longer  or  fhorrer  Eclipfes,  the  Pofition  of 
the  Line  of  Nodes  of  a  Satellite,  and  the  In- 
clination of  the  Plane  of  the  Orbit  of  a  Satel- 
lite to  the  Plane  of  the  Orbic  of  a  Primary,  wijj 
be  defin'd. 


Proposition  LXX. 
•  ff^O  defcr'ibe   and   define  (^.*  Thafes  of  Satm 


^      Ritg  fttn   from  the  Errcb. 
Tho'  the  Phafes  of  Satufn's  Ring  feen  from 
the  Sun  are  nearly  the  fame  with  the  Phafes  of 
it  feen  from  the  Earth,  tbecaufe  Saturn's  Geo- 
centriePlace,  at  moft,  fcarcedifFers  fix  Degre«*.1 
from  its  Heliocentric  Place)  and  therefore  ari'l 
to  be  defin'd  by  the  foregoing  Prop.    Yet  fince  ' 
they  differ  in  feme  things,  efpcciaUy  becauft 
Saturfl 


i 
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I  &turn  appears  round,  we  (hall  in  a  few  Word; 

I  Ihew  wherein  they  diiFer. 

Lets,  [/^.  61.]  be  theSun,.^s/WtheOr- 

,  bit  of  Samrn,    DCT  the  annual  Orbit  of  the 

\  Earth  ;  ( for  we  don't  here  confider  its  Inciina-  J 

tion  to  the  Orbit  of  Saturn  as  being  very  fmall^  ■ 

and  let  A  and  J  be  the  Places  of  Saturn's  Orbit,  f 

in  which  Saturn  is  when  the  Plane  of  its  Ring 
produ'd  goes  thro'  the  Sun,  and  it  is  ^Equinox 
in  Saturn,  if  the  Ring  be  in  the  Plane  of  the 
Equator  and  Saturn  revolves  about  its  own 
Axis.  It  is  plain  that  when  Saturn  is  in  ^  or  Z 
the  Ring  will  not  be  feen  by  an  Eye  in  the 
Earth,  whatever  part  of  its  Orbit  the  Earth  is 
in:  For  fince  in  that  cafe  neither  Face  of  the 
Ring  is  enlighten'd  by  the  Sun,  neither  Face 
will  be  feen  by  the  Eye,  the'  rais'd  high  enough 
above  its  Plane.  The  Edge  only  of  the  Ring  is 
enlighten'd,  which  yet  is  not  feen,  becaule  it 
does  not  refleft  the  Rays,  at  leafl  fo  as  they  may 
reach  the  Earth  :  Yet  fince  it  crofles  the  bright 
Difc  of  Saturn,  it  appears  obfcure  or  like  a 
dark  Line,  for  the  Reafons  explain'd  in  the  fore- 
"  going  Propofition. 

Moreover,  if  when  Saturn  is  got  to  B  the 
Earth  be  in  fuch  a  Point  C  of  irs  Orbit,  thatBC 
-  be  parallel  to  A  I,  Saturn  will  alfo  appear  round ; 
For  tho'  one  face  of  the  Ring  be  in  that  cafe 
enlighten'd  by  the  Sun,  an  Eye  on  the  Earth 
is  alfo  found  in  the  Plane  of  the  Ring  produc'd, 
and  therefore  it  does  not  fee  it  but  has  only  the 
dark  Edge  turn'd  towards  it :  This  happens 
when  Saturn  feen  from  the  Earth,  has  behind  ic 
the  fame  Fix'd  Stars,  which  it  had  when  the 
Eye  was  fuppos'd  in  the  Sun,  and  the  Sun  in 
the  Plane  of  the  Ring  produc'd  •  that  is,  when 
the  Geocentric  place  of  Saturn  is  the  fame  with 
.  the 
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the  Heliocentric  Place,  (which  happens  whq 
it  is  in  the  Plane  of  the  Ring  produc'd)  as  may^ 
eafily  be  known  from  Aftronomical  Tables. 

Again,  let  Saturn,  be  fuppofed  in  the  fituation 
Hjthe  Earth  in  E,  fa  that  the  Plane  of  the  Ring, 
or  rather  its  common  Sedion  with  the  Plane 
of  Saturn's  Orbit,  which  is  the  Right  line  HM, 
parallel  to  lA^  being  produc'd,  talis  between 
the  Sun  S  and  the  Earth  E,  which  will  happen 
when  Saturn's  Geocentrical  Place  and  its  Helio- 
centrical  Place  are  at  different  parts  of  the  Place 
defcrib'd  above  in  Prop.  68,  where  the  Plane  of 
the  Ring  produc'd  falls  on  the  Sun  or  Earth, 
which  is  readily  known  by  Aftronomical  Tables, 
cfpecially  Ephemeris's  ;  for  the  Right  line  5  H 
fliewing  the  Heliocentric  Place  of  Saturn,  falls 
on  one  fide  of  the  Right  line  HM,and  E//,(hew- 
ing  its  Geocentric  Place  falls  on  the  other  fide  of 
the  fame  Right  line  :  I  fay,  that  in  fuch  a  cafe 
an  Obferver  on  the  Earth  will  not  fee  the  Ring, 
fonly  that  a  dark  line  will  appear  to  croO  Sa- 
turn's Difc)becaure  he  can't  fee  that  face  of  the 
Ring  which  is  expos'd  to  the  Sun's  Rays,  as  be- 
ing turn'd  from  him.  For  in  that  cafe,  that 
face  which  is  as  a  fhadow  is  turn'd  towards  the 
Earth. 

On  the  contrary,  when  the  Right  lines  TN^ 
S  N,  drawn  to  Saturn  from  the  Sun  and  the 
Earth,  fall  towards  the  fame  parts  of  the  faid 
Line  NR,  (the  common  SeAion  of  the  Planes 
of  the  Ring  and  of  the  Orb  of  Saturn)  as  it 
happens  when  Saturn  is  in  N;  that  is,  when 
Saturn's  Geocentric  Place  and  iis  Heliocentric 
Place  are  on  the  fame  fide  in  refpe<ft  of  a  Place 
above  defcrib'd,  where  the  Plane  of  the  Ring 
produc'd  falls  into  the  Sun;  then  the  fame 
face  of  the  Ring  is  turn'd  to  the  Sun  and  to  the 

Eardi,  ,  _ 
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Earth,  and  therefore  (if  the  Reafons  given  in 
the  foregoing  Pro;!,  don'c  incerfere)  the  enligh-*  , 
tened  Face  feems  to  give  Saturn  Arms  or  Han* -1 
dlesj  namelyj  if  the  Sun  does  enough  enligh- 
ten the  Ring,  that  its  Light  may  affect  the  Eye  J  J 
that  is,  if  it  be  rais'd  three  or  more  Degrees  a*  1 
bove  the  Plane  of  the  Ring,  or  if  Saturn  be  '.' 

Idiftant  from  the  Point  ^  or  J  eight  Degrees  or 
more,  and  the  Earth  alfo  be  rais'd  one  Degree 
or  more  above  the  Face  of  it,  (for  fome  lenfi- 
ble  Elevation  is  neceffary  for  the  Eye  to  have 
above  the  Plane  of  the  Ring,  left  the  Ellipfe, 
which  the  Ring  rcprefents,  fliou'd  appear  like  a 
Very  fmall  Line,  and  fo  not  reHedr  Light  enough 
to  affstl  the  Eye;)  that  is,  if  the  Geocentric 
Place  of  Saturn  be  about  .three  Degrees  or 
more  from  the  place  where  the  Plane  of  its 
Ring  produc'd  falls  upon  the  Earth,  the  Ring 
Will  be  vifible,  as  has  been  fliewn  in  ^the  fore- 
going ?TD^. 

To  define  what  kind  of  Ellipfe  the  Ring  ac 
any  time  reprefents,    we  muft  obferve,    thac 
>vhen  its  Plane  is  inclin'd  to  the  Plane  of  the 
Orbit  of  the  Earth  about  35  Degrees,  where 
the  Circle  of  the  Ring  appears  the  nioft  diredl 
of  all,  a  Line   joining  the  Earth  and  the  faid 
Circle  will  be  inclin'd  to  the  P!:me  of  the  Cir- 
cle in  the  faid  Angle;  and   therefore  in  that 
Cafe  the  Circle  will  appear  to  be  an  Ellipfe, 
Vvhofe  greater  Axis  is  three  times  longer  than    ' 
the  leiTer  Axis.     Moreover,  in  any  other  In- 
cilination   of  a  Right  line    joining  the    Earth   j 
Snd  Saturn  to  the  Plane  of    the  Circle,  (we    J 
rnuft  find  the  Diftance  of  the  Geocentric  Place  ' 
Kif  Saturn  from    that   Geocentric   Place  of    it    ' 
V-here  the  Plane  of    the  Ring  produc'd   i^oea 
*hro*  the  Earth,  by  help  of  the  Table  of  De- 
P  p  p  clina- 
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clination  of  the  Points  of  the  Ecliptic,  as  al 
its  greater  Axis  will  be  to  its  leiTer,  as  the  R; 
to  the  Right  Sine  of  the  lately  found  AngV( 
which  the  Eye  is  rais'd  above  the  Plane  of 
Ring.  And  thefu  are  the  chief  Phafes  of 
Ring  fcen  from  the  Earth,  and  the  manner  o£ 
defining  them.    ^  E.  F. 

The  Ellipfe  alfb  which  reprefents  the  inner 
Circle  of  the  Ring  is  of  the  fame  kind,  as  be- 
ing in  the  fame  Plane  with  the  outer  one  ;  But 
this  Ellipfe  is  not  the  fame  with  the  perforated 
Figure,  upon  account  of  the  thicknefs  of  the 
Ring.  The  hithermoft  half  of  this  Figure  it 
the  Tame  with  part  of  the  forefaid  Ellipfe  ;  but 
the  furthermoft  part  of  it  is  equal  and  fimilano 
a  part  of  the  Ellipfe,  brought  a  little  nearer  to 
the  Axis,  as  is  plain  from  Fig.  y?. 

SCHOLIl/M. 
After  the  fame  manner  from  the  Way  or  Track 
of  a  Satsliite  about  its  Primary  Planet,  feen 
from  the  Sun,  and  determin'd  by  the  foregoing 
Trap,  may  be  determin'd  the  Figute  of  it,  fCen  " 
from  the  Earth  at  any  time  propos'd.  For  it  is 
plain  that  a  Satellite  will,  to  an  Inhabitant  of 
the  Earth,  appear  to  have  defcrib'd  a  Right  line, 
when  the  Earth  is  found  in  the  Plane  of  the  Or- 
bit of  a  Satellite,  tho'  the  Sun  at  that  time  ii 
not  in  it ;  and  that  the  Ellipfe  (which,  in  all  o* 
ther  cafes,  it  reprefents)  comes  neareft  to  a  Cir- 
cle, when  a  Right  line  joining  the  Earth  and 
a  Primary  Planet,  is  the  leaft  oblique  to  the 
Plane  of  the  Orbit  of  a  Satellite,  tho'  at  that 
time  a  Right  line  drawn  from  the  Sun  to  the 
Primary  Planet,  is  not  the  leaft  oblique  thatii , 
can  be  to  the  fatd  Plane,  And  on  the  other 
hand,  from  the  Obfervation  of  the  faid  Phafei, 
may 
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may  be  defin'd  the  Situation  of  the  Line  of 
Nodes,  and  the  Inclination  of  the  Plane  of  the 
Orbit  of  a  Satellite,  to  the  Plane  of  the  Orbit 
which  its  Primary  defcribes  about  the  Sun. 

Moreover,  the  fame  things  are  true  of  the 
apparent  Way  of  a  Spot  or  any  other  vifiblc 
Mark  in  the  Surface  of  a  Primary  Planet,  or  o£ 
the  Sun  itfelf,  in  its  Rotation  about  its  Axis, 
or  of  a  Circular  Order  or  Series  of  fuch  Marks: 
For  fuch  a  Circle  will,  by  the  Laws  of  Optics, 
appear  fometimes  a  Circle,  fometimes  an  £U 
lipfe,  as  the  Earth  is  in  its  Plane  produc'd,  o^ 
out  of  it. 
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ELEMENTS 

O  F 

Aftronomy, 

Phyfical  and  Geometrical. 
The  Fifth  Book. 


I 


Of  Comets, 


HAving  explain'd  the  Motions  of  the 
Planets  as  well  Primary  as  Secondary, 
and  the  Pha:nomena  thence  arifing,  we 
proceed  to  explain  the  Motions  of  another  for: 
of  Bodies,  namely  of  Comets,  a  great  many 
kinds  of  which  are  mentioned  by  Authors;  Foe 
they  diftinguifh  them  according  to  che  various 
colours  which  they  appear  to  fliine  with,  and 
the  Planets  which  they  look  like,  and  the  Fi- 
gures of  their  Tails.  We  that  treat  of  Aftro- 
iiomy  and  not  Aftrology,  owq  only  one  kind 
Ppp  ;  of 
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of  Comets,  which  have  thofe  different  Ap- 
pearances, according  to  the  difference  of  the 
Vapoars  which  make  their  Tails,  and  the  diffe- 
rent Situation  of  the  Comet  itfelf  in  refped:  to 
the  Sun. 

In  treating  of  them  we  fliaU  firft  take  notice 
of  fome  Phyfica!  Matters,  that  we  may  after- 
wards go  on  to  Geometrical  Propofitions,  name- 
ly to  determine  their  Orbits.  In  the  Phyfical 
Things  which  we  fhall  take  notice  of,  it  will 
firft  be  neceffary  to  mention,  and  afterwards  re- 
jeft  the  Opinions  of  fome  Philofophers,  that 
we  may  the  better  underftand  thofe  Opinions 
which  we  muft  embrace.  The  Reader  is  defir'd 
to  pardon  our  taking  no  notice  of  thefe  things 
in  the  foregoing  Books,  but  referving  them  for 
this ;  becaufe  the  Geometricians  have  not  hi- 
therto had  rhat  regard  to  the  Theory  of  the 
Comets  which  they  have  had  to  the  Theory  of 
the  Planets  and  Fiic'd  Stars. 


m^^f 


Section  I. 
General  Propolitions  concerning  Coi 

Proposition  I. 

TO  txfla'm  the  Oflniom  of  Tbilofophers  cmeerning 
the  Duration  and  Flacti  of  the   Comettj    in  a 
fev  Words. 

The  moft  ancient  Philofophers  and  Aftrono- 
mers  fuppos'd  Comets  to  be  eternal  or  con- 
ftant  Bodies  of  the  World,  which,  like  Planets, 
perform'd  their  Rcvolunons  in  ftated  Times : 
For  Aripotte,  fpeaJiing  of  Comets,  in  his  Firfi 
Eoik 
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Book  of  Meteors  Cbaf.  6.  fays,  tuvUl-raxiiwrmU  i^ 

astes-  BhI  fame  of  the  Italiani,  call'tl  Pythagoreans, 
fay.  That  a  Comet  it  one  of  the  Planets  or  Wan- 
dring  Stars,  iut  that  they  don't  appear  untefs  after  a 
hng  time,  and  are  feen  but  after  a  fmall  tinity 
vhich  happens  alfo  to  Mercury.  And  Plutarch,  in  his 
Third  Book  of  Phiiofopbical  Opinions,  Chap.l.ikys,  T£» 
ti^  nufiajcfM  -nrii  fKvd^s^  ^a^v  ilva,i  ■nv  na^ainv  tuv  i» 
■en  fAivo/j^uv,  Jid   waf  Si  aet<ri*iv*  ^ivt  memSlKwi  ivti 

^KK'avnt*.  Some  <of  the  Pythagoreans  fay  that  a 
Comer  is  a  Star  of  the  number  of  tbofe  which  do 
not  confiantly  appear  in  the  Heavens,  hat  in  Jlated 
Times  having  gone  thro'  a  determinate  Circuit  arife 
or  appear  again  y  And  Seneca,  in  his  Seventh  Book 
of  Nat.  ^tfiioni  Chap.  5.  fays  thus,  Democritus, 
the  mofi  fubtile  of  all  the  Andtnts,  faid  that  be  fit- 
fpcSled  that  there  -were  fevtral  Running  Stars^ 
(that  is,  CometsJ  hut  he  neither  determin'd  their 
number  nor  names,  not  having  yet  rightly  underfiood 
the  Courfes  of  the  Five  Stars,  that  is,  of  the  Pla- 
nets, except  the  Sun  and  Moon.  And  again, 
t  Seneca,  in  the  fame  place,  fays,  that  ApoUonius 
\  the  Mjndian,  ivbo  was  "very  skilful  in  natural  Sci~ 
I  eaces,  affirm'd,  that  the  Comets  wgre,  hy  the  Chal- 
daeans,  reckon  d  among  the  Planets,  and  bad  their 
Periods  or  Courfes  like  them.  This  ApoUonius  (as  the 
fame  Seneca  fays  in  the  lY^Ciap.)  us'd  to  fay,  that 
a  Comet  was  a  Star  or  Celefilal  Body  as  the  Sun  or 
Moon.  But  that  he  did  not  know  its  Courfe ;  he~ 
caufe  it  cuts  thro'  higher  parts  of  the  li^crld,  and  then 
at  lajl  appears,  when  it  comes  to  the  bottom  of  its 
Courfe ;  and  that  is  the  very  fame  thing  which 
was  (hewn  in  Prop.  10.  B-  r.  Of  which  Opinion 
Seneca  himfelf  profeffes  himfelf  to  be,  in  the  zz^ 
Chapter,  in  thefs  Words,  1  don't  think  a  Cumet  to 
P  p  p    4  be 
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he  a  fuJJen  Fir^y    bur  one  of  ihc  t^ernal  IVrrks  of 
Uiiture.     In  the  i'^  Chapter,  he  gives  the  fole  and 
only  Method  by  which  chis  Queftion  may  be     ] 
folv'dj  faying,  that  thtrt  onght  to  be  a  Colkhion  cf    i 
former  Rijrs  or  Afpturamei   ofCometi^  hecattft  hj 
reafcn  of  ih.ir  feldom  (if^earing   ihe'ir  Ceurfei   canmf 
yet  he  underjtceii,  ntsthcr  can  u  be  difcyvtrd  ivhelher 
th<y  return  or  boj  and  that  thty  appear  or  are  proJuc'd 
in  Order,  at  their  fcitkd  lime.    And  at  laft  he  thus 
prophefies,  in  the  2j'''Cid/)/fr,   A  time  ■u'ill  come 
vben  thoft  thitigt  which  are  now  hidi  will  al  lnjt  be 
hrought  to  light y  hy'length  of  Time  and  the  SUgmct 
vf  Pojierit)'.     OneJgeis  not  fupctent  to  make  fucb 
great  DifcBVcric-     A  time  Ti'ili  come  when  thoft  that 
(ome  efter  us  ■will  wander  thtit  we  were  ignorant  of 
Thing!  fo  plain.     And  in  the  26''>  Chapter,  Some 
Body  will  demonjirate,  which  w.y  Comets  wander, 
buhy  they  go  fo  far  from  the   reft  of  the  Celefiinl 
Bcdicsy  how  big,  nvd  what   fort  of  Badies  they  art. 
Afterwards  the  wholeSchool  Qf  t\itPeripateiichy 
to  keep  up  their  l!>o<arine  concerning  the  Hea- 
vensj  which  they  fuppos'd  not  c:4pable  of  being 
generated  or  corrupted,  did  not  look  upon  the 
Comets  as  eternal  or  permanent  Bodies  of  the 
World,  but  as  Bodies  newly  produc'd,  and  in  a 
Jhort  time  to  perifh  again,  and  affirm'd  them  to 
be  Sublunary  and  made  of  Exhalations  in  the 
Terreftrial  Regions  j    which  Opinion  was  the 
more  believ'd  after  folid  Orbi  were  introduc'd, 
pecaufc  Comets  cou'il  not  pats  thro'  them. 

But  ac  laft  Tycho  Br.^be  and  Kfpler  finding  by 
Obfervation,  thac  Comets  had  no  diurnal  Paral- 
lax, reftor'd  them  to  Places  above  the  Mean. 
The  eaiieil:  and  readieft  Way  to  lind  the  diurnal 
Parallax  of  a  Comet,  if  it  has  any,  is  the  Col- 
jowing:  By  the  Obfervations  of  many  Days, 


made  before  and  after. 


let  the  Tr^ck  be  defm'i 
among 
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among  the  Fix'd  Scars,  which  a  Comet  woii'd 
ihave,  it"  it  had  no  diurnal  Parallax.  ■  If  there- 
Pfore  from  itsRJfiftg  till  k  gets  to  the  Meridian, 
'  or  from  thence   to  its  Setting,  it  has  the  fame 
place  among  the  Fix'd  Stars  refpetaively,  which 
it  wou'd  have  according  to  the  Track  above  de- 
fin'd,  it  is  a  fign  that  it  has  no  diurnal  Parallax: 
For  when  it  is  near  the  Horizon,  if  it  had  a 
diurnal  Parallax,  it  wou'd  appear  lower  among 
the  neighbouring  Fix'd  Stars,  which  have  no 
Parallax  ;  therefore  as  the  C-omct  is  towards  its 
Rifing  it  wou'd  appear  nearer  to  the  Eaft,  and 
at  fitting  nearer  to  the  Weft,  than  it  is  ac- 
cording to  the  Place  agreeable   to  that'  Mo- 
ment of  Time,   according  to  former  Ohferva- 
tions.    And  this  Method  is  no  way  afFeAed  by 
the  uncertainty  of  the  Refradion  by  which  Ce- 
leftial  Bodies  are  feen ;  for  the  Refraction  of  the 
neighbouring  Stars  is  nearly  the  fame  with  that 
of  a  Comet.     But  the  readieft  Way  that  this 
I  Oblervation  is  made,  is  to  find  the  true  Place  of 
r  a  Comet,  in  a  Right  line  drawn  between  two 
.    Fix'd  Stars,  fo  that  chofe  Fix'd  Stars,  at  that 
L   time  at  a  fmall  Height  above  the  Horizon,   be 
^   in,  or  nearly  in  the  fame  Almicantarath,  which 
will  be  eafily  done  among  fuch  a  multitude  of 
Fix'd  Stars,  at  leaft  if  we   take  in  fuch  as  the 
Bye  perceives  with  the  help  of  aTelefcope: 
For  if  a  Comet  has  a  diurnal  Parallax,  it  will 
appear  out  of  that  Right  line  and  nearer  to  the 
Horifon;  if  not,   it  will  even  then  appear  in 
tlie  Right  line  among  the  Fix'd  Stars. 

That  Cometh  are  above  the  Moon  is  farther 
confirm'd,  from  the  Obfervation  which  Mr. 
Cajfuii  made,  of  that  which  appear'd  in  the 
Vear  1680,  which  he  obferv'd  to  be  but  22  or 
x;  Degrees  diftant  from  the  Sun,  and  yet  to 
Jhine 
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fliine  at  that  time  with  its  full  Orb ;  which  he 
had  alfo  obferv'd  of  the  Comer  which  appear'd 
iayffrilf  i66f.  whence  one  may  certainly  con- 
clude, either  that  thofe  Comets  at  that  time 
were  not  only  above  rhe  Moon,  but  alfo  above 
the  Sun,  (fince  Mercury  and  Venus,  at  that  ap- 
parent Diftance  from  the  Sun  do  not  fliine  with 
a  full  Orb,  unlefs  they  be  above  the  Sun  j )  or 
that  they  are  lucid  Bodies,  like  the  Sun  or  Fix'd 
Stars,  or  at  leaft  pellucid  and  tranfmitting  the 
Sun's  Rays,  which  will  hardly  be  fuppos'd  of 
fuch  great  Bodies,  fmce  the  Sun's  Spots,  how- 
ever rare  their  Texture  is,  are  opake  enough. 
But  that  Comets  are  opake  Bodies,  will  be 
'.  fliewn  below,  from  the  Shadows  which  they 
caft. 

Proposition  II. 

TO  ti-ve,  in  a  f»w  Wordi,  the  Opinions  of  Tlnhpf 
piers  concerning  the  Rife  and  Orhiti  of  Cometj. 
Philofophers  are  not  yet  agreed  about  the  Or- 
bits of  Comets:  Kef/er,  and  after  him  Cartefiuit 
HevtUusy  and  others,  fay,  that  the  Traje<aories 
of  Comets  are  Right  lines.  For  KtPler  did  not 
like  Circles  or  other  recurring  Carves  for  the  Mo- 
tion of  Comets,  as  thinking  it  not  likely  that  the 
Motion  of  Comets,  which  never  return,  fl)OH'd  he  Cir- 
cular. But  Kepler,  in  his  Fbyfiohg.  of  Com.  bc- 
liev'd.  That  the  vafi  depth  of  U^aid  zither  -was  ef 
fucb  a  nature,  that  it  proJuc'd  Comets  of  itfelf  Ufi 
that  Region  [Ijou'd  have  any  void,  and  that  that  wat 
perform  d  by  a  Faculty  like  the  Animal  or  Vital  enf, 
for  the  refning  and  purging  ef  the  t^thereal  Aura, 
which  in  fame  places  groifs  thick.  And  therefore 
that  this grofs  fat  part  of  the  Air  being  gatherd  to- 
gether like  fame  Excrement  into  an  Impofihume  ;  it 
happens^  from  the  nature  ef  the  Vlace,  to  ht  euUgb- 
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ttnidf  {hecattfe  the  Sun's  Light  is  every  vhere")  and 
to  get  a  Motion  like  fome  Star .-  An  exa£l  Example  of 
this,  how  this  fat  and  Cekfital  Matter  of  Comets  has 
Light  and  Motion^  may  he  [ten  in  Aerial  TrajeSo- 
riei  (or  Star-ftiooting.)  But  He'velius  fuppos'd 
Comets  to  be  generated  from  the  moft  fubtile 
Exhalations  of  Planets  joining  together  by 
chance  in  the  yEther,  and  retaining  the  form  of 
a  Difc,  one  fide  of  which  is  turn'd  ro  the  Sun, 
after  that  the  Comet  moving  in  a  Spiral  Line,  is 
gone  out  of  the  Atmofphere  of  the  Planet, 
from  which  it  had  its  firft  Rife. 

Cartefias  fuppos'd  the  Body  of  every  Comet 
permanent  Hke  that  of  a  Planet,  and  made  like 
a  Planet,  of  fome  Fix'd  Star  or  Sun  cover'd 
with  Spots  and  carried  away  by  the  next  Vor- 
tex as  it  encreas'd.  But  he  wou'd  have  a  Co- 
met be  conftancly  carried  in  a  Right  line  from 
one  Vortex  to  another. 

But  thofe  that  believe  a  Comet  to  be  a  per- 
manent Body,  and  to  return  again  in  the  fame 
Track  as  Planets  do,  will  have  its  Orbit  fuch  as 
either  to  contain  the  Earth  in  its  Circle,  tho' 
very  excentric  (as  Mr.  Cajfrni  fays  of  the  Comet 
which  appear'd  in  the  Year  1J77,  which  he  fu- 
fpeds  ro  be  the  fame  Comet  that  appear'd  a- 
gain  in  the  Years  1680,  and  i68r)  and  run  e- 
quably  thro*  the  Periphery  of  fuch  a  Circle, 
contrary  to  what  the  Planets  do;  or  not  to 
contain  it,  fo  that  the  convexity  of  the  Orbit 
fhall  be  lurn'd  towards  the  Earth,  as  the  fame 
CaJ]ini  feems  inclinable  to  beheve,  in  his  Theory 
of  the  Motion  of  the  Comet  of  the  Year 
1664.  But  it  is  true  that  Mr.  Caffmi  only  makes 
ufe  of  fuch  Orbits  chiefly  for  calculating  the 
Motion  of  a  Comet,  being  coo  cautious  a  Na- 
tural 


k 


TOO        The  E  lzments     Book  IV.' 

turai  Philofopher  to  affirm  or  define  any  thing 
concerning  that  Matter. 

From  the  Obfervation  of  feveral  Comets, 
Mr.  Cafml  has  fettled  the  Way  of  Comets  a- 
mong  the  Fix'd  Stars,  within  whole  limits  moft 
of  the  Comets,  (iho'  not  all  of  them)  are  con- 
tain'd  as  the  Planets  are,  within  the  limits  of  the 
Zodiac.  He  finds  that  this  Cometary  Zone, 
which  is  as  broad  as  the  ,£quator,  and  like  it 
mark'd  with  the  Figures  of  Animals,  goes  thro' 
-  Antinomy  PtS-''f'">  -^ndromtdaj  the  Bull,  Orion,  the 
Itjftr  Dog^  the  Hjilra,  the  CtntauT,  the  SCorpim 
and  the  Bow  of  Siigit:arlut  j  and  he  calls  it  the 
Zodiac  pf  Comets. 

Something  like  this  is  the  Syfiem  of  Comett, 
publiOl'd  by  the  ingenious  Mr.  James  BernouilU, 
in  the  Year  1682,  in  which  he  fuppofes  that  a 
certain  primary  Planet  revolves  about  the  Son 

ai  a  dijianct  from  the  Sun,  e/junl  to  2j8j  SemiJia^ 
meteri  of  the  AL^gnus  Orhis,  in  the  [fact  of  4  Tears 
And  iy7  Djji,  tho  Saturn,  -who  is  two  hundred  and 
fifty  eight  times  nearer ,  does  not  make  its  Re-volutim 
in  left  than  30  Tears.  About  this  Primary  (ivbicb 
•we  can  never  fee,  as  well  by  reafon  of  its  fmaUnefs  tti 
its  immenfe  diftance)  zt  different  diftances  fevc- 
ral  Comets  revolve,  tho  none  of  them  come 
down  quite  to  the  Orbit  of  Saturn  ;  therefre  the 
Comets,  according  to  Mr.  Bernoailli,  are  nothing 
elfe  but  the  SateHiies  of  the  [aid  invlfiUe  Primary  I^"^^ 
net,  wl->ich  ovly  begin  Co  be  'vifihle  when  they  dejd^ 
towards  us  in  their  Vcrigxum,  and  fo  are  nt^P^ 
to  us. 

The  Opinion  concerning  the  Orbits  of  Cq 
mets,  which  feems  moft  probable  to  us,  has  beg 
already  exphin'd  in  the  3  y '^'1  Pi-o;i.  of  B.  i.  whicn^ 
befitles  its  being  moft  agreeable  to  the  iimplici- 
ty  of  Niicure,  may  put  on  the  appearance  of 
aim  oft 
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almoft  every  Opinion  menrion'd  before.    For 
if  S    which    reprefents  the  Sun  in  the  firft 
firft  Figure  of  the  firft  Scheme,  be   the  com- 
mon Focus  of  the  Orbit  of  the  Earth  TGHK 
which  is  nearly  circular,  and  the  very  excentri- 
■cal  Orbit  of  a  Comet  be  ABDIEC;  it  is  plain 
that  the  Phainomena  of  the  Comet  going  thro' 
the  part  EC  ov  BD  of  its  Orbit,  will  be  well 
enough  explain'd  by  an  equable  motion  in  a 
Right  line,    becaufe  B  D  or  C  E,  'a  but  little 
different  from  a  Right  Hne,    and  befides  a  Co- 
met will  move  equably   in  it,  becaufe  equal 
Triangles  ftanding  upon  it,  and  having  S  for 
their  common  Vertex,  will  alfo  have  their  Bafes 
nearly  equal.    But  yet  it  will  at  firft  light  hard- 
ly appear  to  be  the  fame  Comet,  which  firft  de- 
Icribes  EC  and  afterwards  BD,  there  being  a 
confiderable  Time  between  thofe  two  Appari- 
tions, namely  that  in  which  it  defcribes  the  Arc 
CAB,  and  is  then  hid  under  the  Sun's  Rays. 
Now,  when  the  Earth  is  at  Ta  Curve  convex 
towards  T  will  better  agree  with  the  Phano- 
jnena  of  a  Comet  defcribing  that  part  ofthe  Or- 
bit which  is  at  ^  j  for  it  is  fuch  in  the  i^'  Fig.  of 
Scheme  i.    But  a  Curve  convex  towards  the 
Earth  when  the  Comet  is  in  oppofition  with  the 
Sun,  will  never  agree  with  the  prefent  Theory; 
but  if  it  is  concave  it  will  very  well  agree  with 
it,  if  (as  in  the  2^  fig.  of  Scheme  i.)  S  A  the 
Perihelion  of  the  Comer  be  greater  than  S  T 
the  Semidiameter  of  the  Magnui  Orbis :  For  a 
curve  Concave  towards  T'will  very  welt  anfwer 
the  Phxnomcna  of  a  Comet  paffing  at  A  j  be- 
caufe fuch  a  Curve  is  its  real  Traje^ory. 
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Proposition  III.    Lemma, 

If  the  Air  pioald  expand  it  fclf  according  to  the 
feUott-'ing  Law,  which  is  confirm  d  by  Experi- 
ments, namely,  that  the  Spaces  in  which  it  is  com- 
frifs'd  art  reciprocally  proportionable  to  the  JVeightt 
€ompreffini ;  a  Gloht  of  our  Asr  of  an  Inch  Diameter ^  if 
itjhou'd  Become  as  rare  as  it  wou'd  be  at  the  Height  of 
>the  Semidiamettr  of  the  Earthy  wou'd  fit  all  the 
planetary  Regions  as  far  as  the  Sphere  of  Saturn, 
mnd  far  beyond.     [Fig.  2.] 

That  the  Law  of  the  Expanfion  of  the  Air 
Is  the  fame  as  was  laid  down  here;  namely, 
that  the  Spaces  in  which  fa  given  Quantity  of 
Air  is  coniprefs'd  are  reciprocally  proportional 
to  the  Weights  compreffing,  is  plain  from  the 
Experiments  mention'd  in  the  Philofophical  Tranf- 
aSlions  ef  ]a]y  1671.  N"  75.  This  Law  then  be- 
ing laid  down,  letABZZ  reprefent  an  upright 
infinite  Tube,  full  of  Air,  whofe  Sides  A  2, 
B  Z  are  parallel  to  one  another,  and  perpendi- 
cular to  the  Horizon,  and  the  bottom  ^B  Hand- 
ing upon  the  Earth's  Surface :  It  is  plain  chat 
the  Air  at  ^B  is  prefs'd  by  the  Weight  of  the 
whole  incumbent  Air  ABZZ,  and  that  the 
Air  at  £D  (a  Parallel  to  AB  drawn  at  any  di- 
ftance  from  it)  is  prefs'd  by  the  Weight  of  the 
incumbent  Air  EDZZ.  Let  us  conceive  the 
Air  expanded  along  the  whole  Right  line  ED 
to  be  comprefs'd  into  part  of  the  faid  Line,  as 
CD,  fo  that  it  may  have  the  fameDenfity  as 
that  of  the  Air  AB,  and  that  this  is  alfo  done 
to  any  other  Right  line,  fimilarly  drawn  as  eJ^ 
that  is,  that  all  the  Air  which  before  was  ex- 
panded all  over  the  Tube  ^B22,  is  comprefs'd 
into  the  Space  ABZX,  fo  that  it  may  be  every 
where  of  the  fame  Denfity.  The  Right  line  B  Z 
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be  Ithe  Afymptoca  of  the  Curve  ACcX^ 
■terminating  the  Space  ^CcJ:Z(/£)B^  on  one 
fide,  becaufe  at  any  Height  above  the  Earth 
there  is  fome  Air,  which  therefore  being  com- 
prefs'd,  till  it  be  equally  denfe  with  the  Air  A  B, 
muft  rake  up  fome  Space. 

Since  then  the  fame  Quantity  of  Air  com- 
prefs'd  as  much  as  JB  was  comprefs'd  (that  is, 
by  the  incumbent  k\t  A?^ZB)  will  take  up 
the  Space  CD,  but  comprefs'd  as  ED  will  take 
up  the  Space  ED;  it  is  plain,  by  the  foremen- 
tion'd  Law  of  the  Compreffion  of  Air,  that 
CD  is  to  ED,   that  is,    to^B,    as  the  Weight 
of  the  incumbent  Air  E  D  Z  2,  to  the  Weight 
of  the  incumbent  Air  AEZZ^   that  is,   (by 
reafon  of    Gravity,    which  we   fuppos'd  the 
fame  at  all  Diftances  from  the  Center)  as  the 
incumbent  Air  C  D  Z  X  to  the  incumbent  Air 
ABZX,  or  astheunterminated  Figure  CDZX, 
to  the  unterminated    Figure    ABZX:     But 
this  is  the  Property  of  the  Logarithmic  Curve 
very  well  known    to  Geometricians  j    there- 
fore the  Curve  ^C-^  is  a  Logarithmic  Curve, 
whofe  Afymptote  is  the  Right  line  BZ.    Wherv 
by  Prohl.  ;.  Append.  5.  of  Barrow'%  Twelfth  Geo- 
metrical LeBure,  Cif  CG,  and  eg  be  drawn  pa- 
rallel to  BZ  and  meet  with  AB,  at  G  and  ^,) 
^BG  OT  C  D  is  in  the  fame  Order  between  B  A 
and  Bg  or  Jc  a  Geometrical  Mean  proporti- 
onally as  BD  is  an  Arithmetical  Mean  between 
B  d  and  Nothing ;    therefore  O  (or  Nothing) 
B  D  and  Bd  are  as  the  Logarithms  of  the  Right 
lines  BAf  DC,  and  dc  relpeftively.    Therefore 
BD,  B  d,  B  A,  and  DC  being  given,  it  will  be 
eafy  to  find  cd,  which,   as  has  been  already 
fhewn,  reprefents  the  Quantity  of  Air  com- 
prefs'd as  much  as  it  is  at  the  Surface  of  the 
Earth, 
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■  TEarth,  which   in    the  Height  Bi  above  the 

■  Earth  will   expand    iifelf  into  a  Space  equal  to 

■  ^^;  namely  making  DB  to  d B  as  the  dilfe- 
I  jences  of  Logarithms  oi  AB  and  CD  to  another, 
■■  this  will  be  the  difference  of  the  Logarithms  at" 

■  ^fi  and  c  d:  and  therefore  theLogarithm  o\' AB 
P  being  given,  theLogarithm  of  £■/,  and  ihere- 
\  fore  c<yitfelf  will  be  known. 

■  "    Let  A  B  h&  ;;   foot  long,  that  is,    of  the 

■  Height  of  a  Column  of  Water  whofe  weight  is 
I  equal  to  a  Column  of  Air  of  the  fame  thicknefs, 
I  , extended  from  the  furface  of  the  Earth  up  to 
1  the  top  of  the  Atmofphere:  And  as  the    Air 

■  near  the  Surface  of  the  Earth  takes  up  a  fpace 
ft  as  it  were  8yo  times  greater  than  Water  of  the 
P  lame  weight,  asinnumerableExperiments  fhewj 
Ka  Column  of  Air  8f  o  Foot  high,  is  of  the  lame 
*,liveight  with  a  Column  of  Water  of  equal  thick- 
I  nefs  and  one  Foot  high.  If  therefore  we  were 
i  to  rife  8fo  Feet  above  the  Surface  of  the  Earth, 
I  the  Column  of  Air  preffing  upon  any  Place  at 
I  that  Height,  is  equal  in  weight  to  a  Column  of 
\  Water  of  the  fame  thicknefs  and  52  Foot  high: 
ft  If  therefore  ^Dbe  takenof  SjoFeec,  DC  will  be 
I  of  ;2  Feet:  For^iJ,  CD,cD,  Sic.  will  fliew  the 
I'Heights  of  the  Barofcope  (with  whatfoever  Li- 
K'^quoritisftU'd;  in  the  Places  B,  Dandd;  for  they 
Barerefpectively  proportional  to  the  Weightsof  the 
ticcumbent  Air.  Therefore  to  find  oMtdc  from 
Kthe  Premifes,  fuppofing  Bd  to  be  equal  to  the 
B&midiameter  of  the  Earth,  that  is,  in  a  round 
KKumber  to  20000000  Feet  (for  according  to 
tfome  late  Experiments  made  in  France,  its  mea- 
piure  is  19615800,)  let  the  Operation  be  per- 
•"  perform'd  by  the  Rule  of  Proportion,  finding 

to  DB  8jo,  dB  20000000,  and  the  Difference 
of  the  Logarithms   of  ^B,  CD. taken  outlof 
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the  Tables,  namely,  o,  oijj6;9,  a  foilrth  Pro- 
ffortional  514,  0000000,  namely,  the  difference 
of  the  Logarithms  ofj^B  and  cJ,  which  being 
taken  from  t,  J18J159,  the  Logarithm  of  aS 
firft  taken  from  the  Tables,  and  there  will  re- 
main the  Logarithm  of  CJ,  which  is — J12, 
coooooo,  whofe  Charaderiftic  (as  they  call  it) 
is-^;ii.  Moreover,  from  the  riature  of  Loga* 
lithms,  the  Number  of  the  Tables  whofe  firfl 
place  is  Unity,  have  Nothing  for  the  Charaifte- 
riftic  of  its  Logarithm  j  but  the  Number  whofe 
firft  Place  is  2,  or  the  fecond  of  Integers,  has 
One  for  the  Charafteriftic  of  its  Logarithm  j 
that  whofe  Firft  Place  is  the  Third  of  the  Iti- 
tegers  has  Two  for  its  Charafteriftic,  and  fo  on 
afcending;  and  likewife  the  Characteriftic  of  A 
Number  whofe  firft  Pltice  is  the  next  below  One 
in  a  decimal  Progreflion,  or  the  firft  Place  of  De-' 
cima.s,  is— ^i,  and  fo  on  in  defcending;  Whence 
converfly,  from  the  Charafteriftjc  of  the  Loga^ 
lithm  you  may  know  the  Place  of  the  firft  Placfi 
k>f  theNumber,  or  cff  how  many  Places  theNdm- 
ber  is  j  and  hence  the  Number,  theCharaiaeriftie 
of  whofe  Logarithm  is  — ;  r  2,  is  the  firft  Place 
in  the  ;i2th  Place  of  Decirtials;  therefore  tha 
iRight  line  c  dis  denoted  by  k  Number  rthofe 
firftPlaceis  the^rithof  Decimals. 

Then  taking  away  the  Calculation,  it  is  phiti 
that  a  portion  of  our  Air,  detioted  by  a  Num- 
ber whofe  firft  Place  is  the  512'''  of  Decimals^ 
at  the  Height  of  the  Semidiameter  of  the 
Earth  expands  it  felf  to  a  Magnitude  vfhich  is 
denoted  by  31  j  that  is,  the  Space  taken  up  by 
our  Air,  is  to  the  Space  that  it  wou'd  fill  up,  if 
it  was  as  rare  as  it  wou'd  be  at  the  diftance  of 
the  Semidiameter  of  the  Earth,  as  the  Number 
©ne  t©  aNumber  exprefs'd  by  the  two  Ternari^j 
Qqq  with 


7©^ 


The  Elements 


with  ijiaCyphersannei'd.  But  this  Ritioisvaft* 
ly  lefs  than  that  which  '.aceording  to  jirifi.rrcbHs} 
a  fma!l  Grain  of  iand  has  co  the  :ipher«  of 
the  Fixd  Stars,  as  Archimedti  has  demonftra- 
led  it  in  his  Armjunm ;  numely,  greatef 
than  the  Ratio  which  One  has  to  a  J^umber 
whofe  Notation  is  Unity  with  6;  Cyphers  ati- 
neit'd :  But  we  ftiall  prefendy  llicw  that  (tie 
faid  Ratio  is  much  kfs  than  that  which  is  bet  weea 
a  Globe  of  an  Inch  Diameter  and  the  Orb  of 
Saturn,  much  more  nearly  computed,  than  cha  , 
sphere  of  the  Fix'd  btars  was  by  AriftarebHs. 

The  Semidiamer  of  ihe  Earth  is,  as  w^  (aid 
before,  in  a  round  Number  of  looooooo  Feetl 
Now  if  the  Sun's  Parallax  be  lo"  (which  is  the 
ieaft  that  Aftronomers  have  hitherto  attributed 
to  it)  whofe  Right  Sine  is  of  485  parts,  fup- 
pofing  the  Radius  to  be  of  1 0000000  ;  the  Se- 
midiameter  of  the  M<:gnus  Orbit  will  be  of 
500000000000  Feet,  namely,  to  the  Semi* 
diameter  of  the  Earth  as  the  Radiuj  to  tbo 
Sine  of  the  Sun's  Parallax  ;  and  therefore  tbo 
Semidiameter  of  the  Orb  of  Saturn  (  by  prtf. 
4i.i{.;.  fcarce  ten  times  as  great)  will  be  cf 
yooooooooooGO  Feet,  and  its  Diameter  of 
jooooooooooooo,  or  ot  1 20000000000500 
Inches,  tthi-refore  the  Sphere  of  ^aru^niltoa 
G,ob?  of  an  Inch  Diameter  as  the  Cube  of  tlw 
fortigojngNumber.  or  1728  with  ^9  Cyphers  to 
Uni  y.  or  in  a  round  Number,  and  at  moflai 
a  Number  exprefs'd  by  2  and  42  Cyphers  is  to 
One  or  Ur.iiy.  The^  efore  fince  a  Globe  of  an 
Iiich  Diameter  has  a  much  greater  Ratio  to  the 
Sphere  of  Saturn,  than  to  the  Splirre  which 
Air,  like  our  Air,  wou'd  fill  if  it  fiiou'd  becoiiK 
as  rare  as  the  Air  at  che  Height  of  a  S';inidia- 
4necer  of  the  EAnh  ftbovs  tjie  £arEh  j  It  h  p.'ain 
that 
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fhar  that  Globe  of  Air,  Whofe  Dianieter  is  On* 
_hch,  when  it  comes  to  be  as  rare  as  it  wou'd  hi 
mt  the  diftance  of  a  Semidiameter  of  the  Earth 
'■from  i:,  wou'd  fill  all  the  Planetary  Regions  Of 
fir  as  the  Sphere  of  iatarn  and  much  farther. 
»^  E.  D. 

If  the  Gravi  y  towards  the  Earth  be  fupiJOs'cl 
to  diititnirti  as  you  recede  from  the  Center,  as 
it  really  dow  j  it  is  plain  that  fuch  a  Globe  of 
<)Ur  Air  of  an  Inch  Diameter  as  we  have  irien- 
tion'd,  at  rhe  Height  of  a  Semidiameter  of  thi 
Earth  above  the  Earth,  wou'd  yet  cake  up  d 
greater  fpace. 

I'ROPOSITIOl*  IV. 

TO  explain  the  Opinions  of  Philofophert  coHcemhi 
the  Tr-tU  of  CometSf  and  confirm  that  -which 
Is  the  true  Opinion. 

That  a  Comet's  Tail  depends  Dpon  the  Stili 
is  plain  from  this,  that  it  is  always  turn'd  front 
the  Sun,  which  was  firft  of  all  difcover'd  by 
'pear  Afh'ntr,  in  the  Comets  which  appear'd  be^ 
tween  the  Years  ifjo  and  i  J40,  tho*  Rcgionton^_ 
tanus  6a  Years  before  became  almoft  certain  of 
Jr.  As  for  the  Opinion  about  the  manner  of 
the  Tails  being  caus'd  by  the  Sun,it  is  threefold, 

Firft,  Apl'iiiUs,  CarJanut,  Tycbo^  Sntll'iU-,  anil 
ethers  believe  that  the  Sufi's  Rays  being  propa- 
gated thro'  the  tranfparenr  Head  or  Body  of 
the  Comet,  are  refratfted  as  in  a  Lens  of  Giafs^ 
Und  look  like  a  Beam  behind  the  Comet,  or  irt 
Ihofe  parts  which  are  turn'd  from  the  Siin.  Buc 
this  is  contrary  to  the  Laws  of  Dioptrics  i  For^ 
bcfides  the  Figure  of  U  ftot  anfwering  to  this^ 
fuch  a  brightnefs  propagated  thio'  the  pure  ^- 
ther  will  not  be  perceiv'd  by  an  Eye  poficed 
fideways  j  it  is  requifite  that  there  fiiou'd  ba 
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tome  refie^Hng  Sobflance  in  thofe  Places  where 
th£  Tail  ii  to  mike  tbat  brightnefs  fenfible,  af- 
ter ihe  fame  manner  that  che:e  niuft  \k  Par- 
ticles of  Duft  or  Smoke  flying  about  in  a  dark 
Koom  thai  fach  a  brighmefs  may  he  feen  by  an 
EyethatlooksuponaSunbeam  let  into  the  Room, 
tbefatdEye  not  bsingin  the  Way  of  the  Beamj 
and  by  ho'w  much  more  grols  and  denfe  the  Par- 
ticles are  that  ily  abonc  in  the  Medium,  by  lb 
much  will  the  Beam  be  brighier,  and  Cj  on  tbo 
contrary.    From  this  there  ought  to  be  a  moro 
-  grofs  Matter  in  the  Region-oi  the  Tail  than  any 
where  elfs  in  the  .^:her  about  the  Tail,   oiher- 
wil'c  the  whole  Sky  round  about  wcu'd  becn- 
Kghcen'd  and  fiiine  as  much  as  the  Tail  ;  aod 
therefore  the  Tail  of  a  Comet  does  not  proceed 
from  the  Sun's  Rays  propagated  thro'  the  trao- 
fparent  Body  of  the  Comet.    And  therefore  this 
Argument  will  be  of  as  much  1  orce,  whether 
the  Rays  be  fuppos'd  reftaded  in  the  Head  of  2 
Comet  and  the  Atmofphere  about  it,  or  in  the 
Aunofphere  only,  the  opake  Heai  hindering 
the  tratifmiffion  of  the  Rays,    as  H,.vtlius  ob- 
fcrv'd  in  the  Comet  of  i66r,  which  had  a  Sha- 
dow, and  the  fame  Author  fays,  in  his  Comzttfra' 
fhy,  B.Z.  that  feveral  other  Comets  have  been 
obferv'd  to  caft  a  Shadow.     But  the  famous  Dr. 
Hook  denies  fuch  a  Shadow,  and  affirms  a  Co- 
met to  fhine  brighcer  in  that  place  where  eh( 
Shadow,  if  th^re  was  any,  ought  ro  appeM* 
The  ftcond  Opinion  is  of  Crr./u/  aodj 
Followers,  who  wou'd  have  the  Tail  ofa( 
met  to  be  owing  to  the  refraction  of  the  Light 
from  its  Head  to  the  Eye  of  the  Spectator.     If 
this  was  true,  the  Rays  of  the  FJx'd  Stars  and 
of  the  PlauLts,  which  are  propagated  chro"  the 
fame  Mcdinms,  woa'd  not  reach  our  Eyii.  io 
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W&ee  from  Refradion  as  they  appear  by  Obfer- 
^Vation  ;  neither  wou'd  the  Tails  of  Comers  be 
^nb  free  from  the  Colour  of  the  Rain-bow,  which 
^plways  accompany  refracted  Light.  Neither 
V^oes  'O'Ttefiui  take  off  thofe  difficulties,  when  he 
^fays  in  the  i  jg'h  Taragr^ph  of  the  third  Book  of 
Bhis  Tr'mcifki,  that  the  twinkling  of  the  Fix'd 
r'Stars  is  owing  to  this,  that  their  Tails  wou'd  be 
I  longer  if  the  Light  was  greater  j  for  when  we 
fc*niake  ufe  of  Telefcopes,  which  encreafe  their 
HSLight,  their  twinkling  ceafcs.  B^fiJes,  fcveral 
Hvf  the  Planets,  as  Saturn,  Jupiter  and  Venus, 
^nvhofe  apparent  Diameters  are  equal  to,or  even 
■Tuqjafs  the  Diameters  of  the  Comets  that  fend 
Rout  pretty  long  Tails,  and  which  have  more 
^ Light  than  thora  Comets  that  fend  out  noTails; 
t  and  the  Light  of  the  Heads  of  thofe  Comets 
wthat  have  the  greateft  Tails  is  ofren  very  fniall 
f'and  dull.  If  either  the  Fix'd  Stars  (or  even  :he 
^Planets)  as  ArijhtU  fays  in  his  Difcourfe  on  Me- 
Rteors,  have  fometimes  appear'd  Hairy  to  the 
^  t/£gyp[ianjy  this  does  not  happen  to  them  as  it 
r  does  to  Comets,  but  is  rather  to  he  afcrib'd  tp 
I  an  accidental Refraft ion  of  a  Cloud.fuch  an  one 
E  as  that  to  which  CdJ-fp/iMi  afcrib'd  the  h.jrrin:rsob- 
I  Siiv'd  hyjrifiotk  liiiiifelf  about  the  Fix'd  Star  in 
I  the  Dog's  Thigh.  Laftly,If  the  Tail  of  a  Comet 
I  did  a  rife  from  the  Refradion  of  the  Celeftia;! 
m  Medium,  it  would  in  the  fame  Regions  of  the 
B  fleavem  always  go  towards  the  fiime  parts ; 
Bv/hich  yet  does  not  happen,  but  is  according  to 
■  the  Siiift  fuuation  thrown  towards  different 
Vpans,  as  has  been  faid. 

B'  There  are  alfo  other  Opinions  concerning 
If  the  Tails  of  Comets  to  be  met  with  in  fiivcral 
P^  Authors,  which  we  fliall  not  here  take  time  to 
b  confute;  among  which  is  this  of  Mr.  Jamei 
^^^K_  Q  9  <3  }  BirHvu- 


I 


I 


BenMii^i  in  the  before  quoied  5)y?fiw  *^  C  wefi,  , 
for  be  conceives  tbt  Sun  tt  be  in  iht  middU  vfU 
Yvrtm  "I  a  grtet  Firt  kinJIrJ  in  its  Haartb,  tt  iv6i 
i^iit  the  PLmtti  rounJ  ahwt  are  warm' J,  vh^aee' 
i^p^tni  tb  :t  a  great  W'lnwytf -very  fubis!  Ex&alatS 
ftmes  out  vf  the  P'jwWj  tvery  wnji,  atd  evt»  f% 
the  Sun  itfeif,  and  that  from  the  vfrj  rapid  motion 
fhe  Sfli^r  Vertex  they  art  curri-  J  upWdrJi  ttuftirJi 
the  Ciraimftrenee ;  f»  ivhich  pl^ct  uhrn  tbtft  Effiu- 
via  artconif,  I  hey  are  ft,  ff' 4  and  rep- It' J  by  the  Rt* 
0^tnct  of  the  neighb-urifig  Vmien,  ft  tb^t  thtj  can 
go  mf''rthrr.  Heff?,  htcaufe  sbty  have  u  ntur  ej' 
^tien  ofMitter,  ihty  ,.t«  by  Jegtcti  condinidy  ani 
fitk  to  the  SetofiJary  VLtitti  cfrbm  invijible  Pi-i- 
tfiary  one  -which  is  ..bove  Saturn  {of  wbick  ii'e  fpoh 
|«  Prop,  z.)  tvben  they  ctme  near  the  circumfertnee 
ff'hi  Sol-ryertix;  jt^  at  when  a  pet  of  Flijb  6anft 
fwer  (t  Culinary  Fire  the  fmo-i  and  fttara  rijwg  uf 
tbe  Chimney  from  the  Wood  and  Fkjf)  ftUks  to  tbt 
£iams,  and  wbuttver  felid  fiib^anct  it  metis  in 
^s  way  yi;  as  to  make  Soot :  Thus,  he  fays,  th* 
the  vifcous  Exbtilntions  ftick  to  the  Planets,  and  titt 
fompafs  tbem  to  a  canfiJ^rable  tbicknefi  i  vbtrut  It 
happens  tb.'t  the  Extremity  of  the  'Nucleus  of  a  Cemtt 
tr  its  Limb,  is  cmmovly -very  irreguhrly  tcrminattd 
find  rough  as  if  it  b.id  Soot  up"''!  it.  Then  in  tkt  prf 
grtfs  of  the  S"'tliite  «;  it  revolves  shout  its  Primarj, 
from  lime  to  time  rew  Exhalaioni,  (but  thinner  thuH 
thofe  v/hieh  immediately  tncempafs  it^  which  can't  be 
pifirongly  condins'd  fvt  Want  of  a  foiid  foundation  ) 
^ick  to  it,  and  extending  tbemfehis  cvtry  wayroimi 
about  it,  not  in  tbe  m.  nmr  of  a  Globe,%tt  like  * 
iroad  Difc,  five  of  whife  PLnes  remains  turn'dte  thf 
Sun,  and  the  Rays  of  the  Sun  m-ke  Right-anglet 
with  the  Difc,  vhenee  (as  he  fays)  the  reafon  it 
^Linv'by  the  TJl  always  points  towards  the  p^rtt 
ffli'fite  to  tbe  Sua  ifcr  sho  the  whole  Difc  at  o%ce  b* 
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ttiiighttn'd  hj  the  Surt^pt  no  part  of  the  Dtfc  hut  th.it 
which  i»  rej'ftii  ofu$  is  on  thh pie  i^the  Nitckusand 
in  shifunti  Plane  with  ut  avd  the  Sun,  rrfieils  Rajs  ro 
aur  E/ei)  the  others  hing  rtficBtd  the  contrary  V'irv 
ani  on  the  other  fide  of  a  Cemet. 

The  moft  obvious  opinion  to  any  one  thn 
looks  at  a  Comet  is,  that  the  Tail  has  its  Ortgiii 
from  the  Head,  And  this  is  the  Opinion  of  the 
moft  ancient  PhJIofophcrs,  and  of  Jrijhdih  him- 
lelf,  who  faid  that  the  Tail  was  a  very  thin 
.Vapour  ariiingfrom  the  Head,  but  he  fuppos'd 
jt  to  be  on- tire.  The  moft  penetraci:  g  Dr,  Hook 
from  the  obfervation  of  CometSj  contriv'd  the 
following  manner  of  explaining  the  nature  of 
a  Comet  and  its  Tail,  upon  account  of  the  Co' 
met  which  appear'd  at  London  in  1678.  He 
fu[;poles  a  Comet  to  arife  from  a  Planet,  whofe 
gravity  towards  the  Center  about  which  it  re- 
volv'd  before,  is  dcftroy'd  by  a  certain  intc- 
ftine  motion  of  the  Parts  (by  which  the  Body 
is  fct  on  fire  and  appears  in  a  flame)  and  which 
therefore  is  gone  out  of  its  place,  moving  in  a 

[Tangent  to  that  point  of  its  Orbit  in  which  it 
liviis  when  its  faid  change  was  perfeded.  Whence 
carried  thro'  the  vEther  in  a  Right  line  (exc'  pt 
fo  much  as  that  line  i^  bent  nponjccount  of  the 
matter  of  the  Comet  towards  its  Center;  which 
not  being  yet  fully  ehang'd  is  a  little  incurva- 
ted  towards  the  Sun  ;  the  Planet  thus  ehang'd, 
-has  its  parts  diflblv'd  by  the  jEther  and  ehang'd 
.into  it,  as  Salt  is  diflblv'd  by  Water,  or  any 
ything  elfe  by  a  proper  menftruum.  Moreover, 
^e  outer  parts  fo  ehang'd,  have  not  only  loft 
itheir  gravity,  but  are  become  light  in  refpcd  qf 
*he  Sun,  that  is,  fly  from  it.  Whence  as  they 
iare  abforb'd  in  /Ether  and  carried  upwards,  and 
at  the  iame  time  fly  from  the  Sun,  thefe  igne- 
Q  q  q  4  Oils 


I 
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'  pus  Particles  look  Like  innamerabU  Proje^ 
going  every  way  dire^ly  from  the  Nocleus'l 
me  Comet  and  lenuing  cowards  a  dlftant  Point 
pppofire  to  (he  Sun  j  therefore  (by  what  has  , 
been  demor.ftraied  by  TtmictUi  in  ihc  jo'i'  Pm^ 
f ,  2^  of  the  Ahsl.  H  ^  Prejiaila  they  have  the 
figure  of  a  FaraboUc  Conoid,  whofe  Axis  is  in  a 
^ight  line  joynii.g  the  Sun  and  a  Comet,  ha- 
ying the  center  oV  the  Nucleus  for  the  Foctic 
pf  the  generating  Parabola  :  Therefore  the  Tail 
of  the  Coment  will  put  on  fuch  a  fhape.  But 
ftnce  the  Heavy  bodies  ihat  we  can  come  at  do 
not  intend  or  remit,  that  is,  increafe  or  dinn<- 
(ii(h  their  Gravi:)',but  their  Gravity  is  proporti- 
Ooable  to  their  Quantity  of  Matter,whateverit»- 
tefline  motion  the  faid  Matter  has,  we  mud  not 
admit  a  lofs  of  Graviy  of  acqufition  of  Levity 
in  other  Bodies. 

They  that  will  not  allow  the  Tail  to  be  on 
fire,  and  think  that  to  produce  the  Phxnomc- 
non,  it  is  enough  for  the  Vapour  that  goes  from 
the  Comet  to  be  enlighten'd  by  the  Sun,  and 
by  rcfledingihe  Rays  of  the  Sun  from  its  Par- 
ticles, to  make  that  part  of  the  ^ther  which 
they  take  up  mure  enlighten'd  than  the  reft  of 
the  jEther,  which  tho'  it  receives  the  Light  can- 
not refletft  them,  as  wanting  a  refle<aing  fub- 
flance,  are  oblig'd  to  find  out  the  reafon  why 
the  Vdpcur  or  refleding  Exhalation  goes  only 
on  that  fide  which  is  turn'd  from  the  Sun.  Xrp- 
hr  explans  the  thing  thus :  '  The  fat  and  gtofs 
•Matter  of  the  Comet  bt;ing  gather'd  into  an 

*  Orb,  from  the  nature  of  all  things  which  arc 

*  united,  and  the  Sun  ftriking  with  direft  Rays 
*and  penetrating  this  Glc-be,  heim.gimi  that 
f  fonie  of  the  inmoft  Matter  of  the  Coroet  fol- 
j*  lows  and  ^0  out  the  fnme  way  as  the  Sun's 

'  Rsvto  ■ 
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;Rays  go,  and  therefore  by  thac  means  the  Bo. 
dy  of  the  Comet  has  parts  of  it  rubb'd,  wuih'd, 
or  ftrain'd  off,  and  thus  there  is  a  Quantity  of 
Matter  gather'd  together  on  that  fide  of  the 
/  Comec  which  is  turn'd  from  the  Sim,  that  rei  , 
'  flefts  the  Sun's  Rays  and  has  the  appearance  of  "I 
*  a  Tail.  James  Gregory  in  fome  Phyfical  things  .  i 
fubpin'd  to  his  UniverJ.  Parrs  of  Matbem^t.  wUl 
ihave  a  Comet  to  he  a  kind  of  humid  Body  emitting 
4lt proper  Vapours,  always  wandring  about  the  zyStber^ 
4tni  retaining  almofi  thefannfitartii.n  in  rtffeit  to  tht 
Sun  ;  which  isalfo  the  opinion  of  H.'vAius  in  his 
<:onittography)  pag.  430.  who  thinks  the  Tail  pro- 
duc'd  much  after  the  fame  manner:  ntme!y,7Sfl* 
the  thinntfi  parts  of  tbt  Atmofphere  of  a  Comet  are  ra- 
rified  by  the  force  of  the  Heat, and  from  the  forepart  and 
each  fide  of  the  Comet  are  dri-vcn  towards  the  partt 
turn'd  from  tbe  Sun.  And  rhen,9CC0rding  Zojamct 
Cregoryi  opinion,  the  half  of  the  Comet  which  is 
4urnd  from  the  Sun,  aadnever  warm  dor  enlighten  d 
•hi  it,  has  very  graft  and  -very  opake  Vapours,  which 
■being  continually  fupplied  or  fed  with  the  vapour-like 
matter  of  the  Comet,  and  no  way  dijjhlv'd  (by  re^'fort 
tf  the  weak  and  obltijue  light  of  the  Sun )  grow  to  an 
immenfe  Height  ind  every  way  refleB  the  Sun's  Rayr, 
v/hicb  are  not  jhrong  enough  to  expel  the  Exhalaiioni. 

The  incomparable  Sir  Jfaac  Newton  believes 
alfo.  That  tbe  Tail  of  a  Comet  is  nothing  elfe  bat  a 
•very  thin  Vapour.,  which  tbe  Head  or  Nuclem  of  the 
Comet  fends  out  by  reafon  of  its  Heat. 

When  a  Comet  defccnds  to  its  Perihelium, 
the  great  quantity  of  Vapours  which  encom- 
■pafs'd  it  when  it  was  in  thofe  Regions  wliich 
were  the  moft  remote  from  the  Sun,  and  there- 
-■fore  the  coldeft,  being  ratified  by  the  Sun's 
1.  Heat  afcend ;  that  is,  go  towards  thole  parrs 
jphich  ate  turn'd  from  the  Sun :  For  all  the  parr 
tides 


1 
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tides  in  a  medium  extended  far  beyond  Sai 
(namely  the  j^therial  Aura)  gravicate  row 
the  Sun.  This  Aura  heated  by  the  warm 
tides  of  the  Vapour,  which  mixes  witi 
becomes  rarer  and  therefore  lighter  rhan 
reft  of  the  ambient  Aura,  and  for  that  ic-*; 
being  driven  by  it,  rifcs  upwards, ^nd  r.ikcs 
It  the  ref)e£ting  particles  of  which  >hc  ( aU 
made  up ;  much  after  the  manner  that  fmoak 
jifes  up  a  Chimney  by  the  impulfc  of  the  Air^ 
which  being  rarified  by  heat,carries  up  ihe  pa 
licles  of  the  fmortk  which  are  entangled  with 
But  becaufe  beyond  the  Atmcfphere  of  the 
met  the  ethereal  Aura  is  very  rare  and  ne: 
nochingjor  a  Vacuum,  therefore  I  fhali  artril 
ibmething  to  the  aftion  of  the  Rays  of  the 
carrying  along  with  it  the  panktes  of  the 
mofphere  of  a  Comet,  the'  Ktpkr  is  not  of  this 
opinion ;  and  altho'  1  bejieve,  that  (befides  the 
impetus  acquir'd  in  the  firft  afccnt  of  the  Va- 
pour) the  chief  and  moft  cffbauai  caufe  of  the 
afcent  of  the  Vapour  which  makes  the  Tail,  it 
the  rarity  above  defcrib'd  of  the  ethereal  Att- 
Xi,  by  reafon  of  the  particles  which  arife  duly 
from  the  Comet  in  the  neighbourhood  of  the 
Sun,  where  the  Aura  about  the  Tail  is  denfer 
and  heavier.  And  then  the  Tail  lifted  upwards, 
does,  like  the  Nucleus,  gravitate  towards  the 
Sun  after  the  manner  of  another  Proje«aile  in  a 
in  a  Conic  Section,  and  accompanies  the  Co- 
met in  diflam  Regions  till  it  is  dilHpated  by  d&r 
grees. 

Tho'  the  Tails  of  fome  Comets  being  imr- 
menfely  extended,  feem  to  require  a  great  quan- 
tity of  Matter  to  produce  them.   Experience 
L  ihews  us  into  what  a  prodigious  heap  of  Smoak 
a  linall  piece  of  ft'ood  or  PJc-coal  is  converted, 
and 
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nd  from  the  foregoing  Lemma,  it  is  plain  how 
mall  a  portion  of  our  Air  may  be  diffufed  into 
mmeiile  Spaces  by  i  s  elaftic  Force.  And  tho' 
rthe  Tails  aie  not  of  fo  rare  a  Texture,  yet  that 
they  are  extremily  rare,  in  refpeft  of  Bo- 
dies about  us,  h  plain  from  this,  viz,,  that  the 
leaft  Stars  fliine  through  th&fe  immenfly  deep 
Tails  noiwithitanding  they  are  enlighten'd  by 
the  Sun's  Rays,  when  nt  the  fame  time  our  Jer- 
reftrial  Atmcfphere,  whole  dcprh  is  v.^^lIy  lefs, 
niakes  even  the  brighteft  Stars  infenlible  when 
it  is  enlighten'd  :  Neither  are  lucid  things  fcea 
more  eafiiy  thro'  a  denfe  Body  when  it  is  far- 
theft  remov'd  from  the  Eve  than  when  it  is 
neareft  to  it,  but  rather  with  more  difficulty,  as 
daily  Experience  fheusus. 

COROLL^RT  I. 
Since  the  Tail  of  a  Comet  is  rais'd  from  its 
Head  and  the  Aimcfphere  about  it  by  the  heac 
of  the  Sun,  ic  follows  that  it  encreaies  as  the 
Comet  comes  to  its  Perihelium,  and  again,thac 
it  is  diminifti'd  in  its  lecefs  from  the  Sun  ;  there- 
fore it  will  be  greateit  and  brighteft  immedi- 
ately after  the  Comet  has  fuftain'd  a  great  de- 
gree of  Heat  in  its  Perihelium,  and  is  juft  got 
off  from  the  neighbourhood  of  the  Sun.  hut 
alfothe  Atmofphereof  the  Comet  (which  fup- 
plies  the  Tail  with  moft  of  irs  Matter)  is  dimi- 
nilhed  as  the  Tail  encreafes,  and  becomes  nar- 
rower towards  the  Sun;  and  therefore  casern 
faribuiy  (together  with  the  Comet  itfelf,  the 
greater  pan  of  which  it  appears  to  the  naked 
Eye  to  make  up)  ic  appears  leaft  immediately 
after  the  Comet  has  pafs'd  the  Perihelium,where 
fometimes  it  appears  cover'd  with  a  thick  and 
l^ack  Smoak,  the  actenilanc  of  a  vehement  Hea*. 

COROL- 
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,  COXOLLART  a. 

I  f    Hence  alfo  ic  follows,  that  if  the  Tail  oB 
%  Comet  Ihou'd  touch  the  Atmofi^rc  of  c 
P  "Earth,  for  if  a  part  of  ihis  Matter  fcacrer'd  a 
I  diffus'd  about  the  Heavens  Ihoud  fall  into  i 
I  the  Exhalations  of  it  mix'd  with   oar  Arm 
1  frhere  (one Fluid  with  another)  may  canfe  vf 
Anfible  Changes  in  our  Air,  efpeciaily  in  c 
^  Animals  and  Vegetables :  For  Vapouf;,  as  th 
call  'em,  brought  from  ftrange  and  diflant  R 
jgions,  and  excitedly  a  verj'  incenfc  Heat,  m« 
be  prejudicial  to  ihe  Inhabitmts  or  ProduasJ 
the  JLarth  ;  wherttbre  chofc  things  which  haT_^ 
I   laeen  obferv'dby  all  Na  ions,  and  in  all  Ages,  to 
fellow  the  Appaiiiion  of  Comets,  may  happen; 
and  it  is  a  tiling  unwonhy  a  Philofophcr  to  look 
upon  them  as  falfe  and  ridiculous. 

COROLLART  5, 
■'    The  Tailrifinglike  a  Vapour  direfllyopwards 
[    from  a  Comet  and  its  A.tmofphsre,  that  is  tOr 
*''"wards  thofe  pares  turn'd  from  the  iun,  wiU  re- 
main in  the  Plane  of  the  Orbit  of  aComcc, 
^that  is,  a  Plane  drawn  thro'  the  Sun  and  the 
Track  of  a  Comet »  becaufe  there  is  no  reafon, 
why  in  the  quiet  ,^i:her  it  (hou'd  be  fo  diftutb'4 
as  to  be  carried  more  on  one  fide  than  another. 
Moreover,  lince  the  Vapour  going  from  the 
Head  joins  two  Motions,  and  afterwards  wnr 
tinues  CO  go  on  with  that  Motion,  compounded 
of  the  Motion  of  a  Right  Afcent  near  the  Sun, 
and  of  the  Motion  of  the  Progreffion  of  the 
Head  ;  the  Tail  won't  be  direftly  turn'd  from 
the  Sun,  but  a  little  decHning  from  it  towards 
•■  thufe  parts  left  by  the  Comet ;  ^ay,  the  Tail 
^'ill  not  be  ftreight  but  bent,  being  convex,  to- 
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Wards  the  fortpartand  concave  towards  the  back 
pan.  And  tho'  the  rifing  Vapour  partakes  of 
jhe  Motion  of  the  Head,  ye:  by  reafon  of  fome 
refiftance  of  the  iEcher  it  will  not  go  on  fo  faft 
as  the  Head.  And  by  how  much  higher  theVa- 
pour  rifes  which  makes  up  ihe  Tail,  that  Is,  by 
Iiow  much  longer  the  Tail  is,  by  fo  much  more 
will  it  be  refilled  by  the  ^ther;  when  the  fore- 
iRdc  of  the  Tail,  or  the  Side  towards  the  parts 
ivhere  the  Comet  is  to  go  will  be  convex,  but 
the  fclluwing  one  concave,  and  therefore  the 
Tail  of  the  Comet  it  felf  will  not  be  precifely 
urn'd  from  the  Sun,  and  even  not  dired  but 
lent.  And  this  deviation  from  the  Sun's  Op- 
yoficion  is  fo  much  the  lefs,  as  a  Right  line 
|oining  the  Sun  and  a  Comet  is  more  oblique  to 
the  Track  of  a  Comet:  For  if  a  Comet  ftiou'd 
go  diredly  towards  or  from  the  Sun,  the  Tail 
wou'd  be  diredly  turn'd  from  the  Sun  and 
flreighc  ;  whence  ic  happens  that  in  rhe  very 
Perihelium  the  Tail  very  much  defletfts  from 
the  bun's  Oppofition,  and  is  alfo  very  Curve, 
fcecaufe  a  Right  line  joining  the  Sun  and  the 
Comet  will  then  be  perpendicular  to  its  Orbit, 
But  by  reafon  of  the  faid  refiftance  of  the  M* 
ther,  however  fmall,  the  convex  part  of  the 
7 ail,  (.hati-,,  the  part  that  runs  into  the  jEther) 
vill  be  Cjmething  thicker,  and  confequenrly 
will  appear  brighter  and  better  terminated  than 
tiie  concave  one,  by  which  the  parts  reflefting 
the  l-ight,  being  as  it  were  left,  are  diffus'd  a- 
h  ut  the  /Ether.  Moreover,  this  devintion  of 
th.;  Tail  and  Incurvation  from  the  Sun's  Oppo- 
ifition,    will,    caferis  f.iribu<,  be  greater,  for 
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:th  ihe  aforefaid  Cdufes.  when  the  Comet's 
Orbit  is  moft  Cuive;  For  ihat  the  Tail  mighc 
bftc^^nftancly  turn'd  from  iheiunin  fuehacafe. 
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its  Extremity  (hou'd  defcribe  a  Circumferencd 
greater  than,  and  exterior  to,  that  defcrib'd  by 
the  Head,  which  it  con'd  not  d**  by  rhe  Moriori 
which  it  receives,  from  the  Head,  tho'  there 
flioa'd  he  no  rcfiflance  of  the  ^rher  to  ditnl- 
nilh  it.  Therefore  the  Extremity  of  the  Tail 
which  is  the  tnofl  remote  from  the  Comet,  be* 
caufe  it  does  not  defcribe  that  greater  Circum- 
ference in  fo  fliort  a  time  as  the  Head  does  thU 
leffer,  (and  that  for  the  two  reafons  that  wa 
mention'd)  will  In  this  cafe  be  more  Curve* 
But  as  this  happens  to  a  Comet  at  its  Periheli- 
nm,  where  the  Tail,  which  before  was  lift^ 
up,  almoft  vanifhes,  and  the  Vapour  which  not^ 
rifes  direAly  up  chiefly  makes  ttp  the  Tail ;  fo? 
that  reafon  the  Curvi.-y  will  not  be  fo  fenfible. 

COROLLARt  4. 
The  Figure  of  the  fail  which  *e  hare  de- 
fcrib'd in  the  foregoing  Corollary,  it  that  intc* 
which  the  Tail  i>  rea  ly  ex:ended  from  the  Head 
of  the  Comet;  notwiihftanding  which,  if  the 
Earth  and  the  Speiftator  together  be  in  the 
Plane  of  the  Comet's  Or'  it,  the  curvity  of  thd 
Tail  will  not  be  perceiv'd  at  all,  becaufe  it  ii 
all  in  that  Plane  :  And  either  the  whole  Tail 
will  dilappear  when  the  Head  is  between  tho 
Eye  and  the  Tail,  or  if  the  Head  he  lefs  and 
the  Tail  broader  towards  the  other  End,  the 
Comet  will  appear  Hairy,  that  is,  encompafi'd 
round  with  the  appeaiance  of  Hairs,  (and  ei- 
ther of  thefe  may  happen  when  the  Sim  and 
the  Comet  are  in  oppoiition)  or  laflly,  the  Tail 
will  precifely  appear  to  be  in  oppofition  with 
the  Sun.  But  if  the  Speflator  be  out  of  thfl 
Plane  of  the  Comet's  Orbit,  the  carvity  of  tha 
Tail  will  be  perceivable ;  and   will  be  by  fb 
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much  the  mora  fenfibic  as  a  Right  line  drawn 
from  the  Earth  to  the  Tail  of  the  Comet  be* 
cotnes  more  perpendicular,  or  nearer  to  a  pei^ 
pendicular  to  the  Orbit  of  the  Comet  (and 
confequemly  to  the  Orbit  of  the  Tail)  and 
all  the  symptoms  or  Signs  of  the  Curvature  of 
the  Tail  delciib'd  in  the  following  Corollary 
iwitl  become  more  lenfible.  And  thcfc  are  the 
fettled  and  conftant  Changes  of  the  Tail  of  a 
Comet :  For  as  to  the  uncertain  and  fudden 
ones  which  Authors  mention,  they  feem  to 
have  had  their  Rife  from  the  Vapours  of  onr 
Atmciphere,  which  by  an  accidental  Refra- 
^r.n  leemingty  alter'd  the  Figure  of  the  Tail; 
or  from  Lhe  Motion  of  the  Clouds  darkening 
fomt  parts  of  the  Tail ;  or  from  fome  neigh- 
bouring Stars,  or  a  heap  of  them,  or  the  Milky 
Way,  fometimes  taken  for  part  of  the  Tail. 

Proposition  V. 

MQri  Comets  are  fetn  itt  the  Hemifphefe  to'Wardt 
the  Sun,  than  in  that  which  is  opfojits  to  it. 

Let  S  denote  the  Sun,  Ttw  Earth ;  the  Cir- 
cle OEFH  defcrib'd  abour  che  Center  r,  the 
Sphere  of  the  Fii'd  Sfars,  or  rather  that  which 
bounds  [he  light.  Becaufe  Comets  (hine  by 
the  refle<5ted  Light  of  the  bun,  they  will  not 
be  ftcn  before  thty  are  fo  enlighten'd  by  the 
Sun  as  ti  be  able  to  affeft  our  Eyes  by  that 
Light :  And  btlldes,  as  Comers  are  very  confpi- 
Cuous  upon  account  of  their  Tails,  and  do  not 
emit  htm  till  they  are  futnewhat  heated  by  the 
Sun ;  it  is  pUin,  that  to  have  either  the  Comet 
Or  its  Tail  vliiWc,  ic  is  n  ci.ffiry  for  the  Comet 
to  come  within  a  defin'd  diftance  of  the  Sun. 
Let  /ihCG  be  a  Sphere  concentric  to  the  Sun, 
dc- 
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defcrib'd  at  the  faid  diftance  from  it;  namely,' 
fuch  an  one,  that  no  Comet,  for  want  of  being 
enlighcen'd,  Ibjll  appear,  beforeit  comes  wich- 
I  in  the  Surface  of  that  Sphere  :  having  join'd  5 
and  /  produce  the  Line  ST* every  way,  till  ic 
meets  with  the  faid  Surface  in  A  and  C :  Thto' 
T  draw  the  Plane  HE,  to  which  ^C  is  perpen- 
dicular, then  ir  will  divide  the  Sphere  DE  FB 
into  two  Hemifpheres,  one  of  which,-  HFE  ts 
towards  the  Sun,  and  HDEoppohte  to  the  Sun.- 
All  the  Comets  which  are  in  the  Segment  of 
the  Sphere  fiCG,  will  appear  in  the  Hemifphere 
towards  the  Sun;  but  all  thofe  which  aie  in  this 
Segment  BAG  will  appear  in  the  Hemifphere 
oppofice  to  the  Sun.  But  it  is  plain  that  the  Seg- 
ment £CG  is  greater  thanS^G,  becaufe  the 
Center  of  the  Sphere  is  in  it  ;  therefore  more 
Comets  will  be  feen  in  the  Hemifphere  towards 
the  Sun,  than  in  that  which  is  oppofite  to  it. 

But  more  of  them  will  be  firft  feen  or  difco"- 
yer'd  in  the  Hemifphere  towards  the  Sun,  than 
in  the  other,  becaufe  the  part  hCQ  of  the  Sur- 
face of  the  Sphere  is  greater  than  the  remaining 
part  BAG;  but  they  are  fuppos'd  to  be  difco- 
ver'd  as  foon  as  they  touch  that  Surface. 
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SCHOLIUM. 
By  how  much  lefs  the  Sphere  ^jBCG  is  ^^_ 
pos'd,  that  is,  by  how  much  nearer  a  Gomec 
mull  be  to  the  Sun  before  it  becomes  vifible,  by 
fo  much  does  the  number  of  the  Comets,  feen 
in  the  Hemifphere  towards  the  Sun,  exceed  the 
number  of  thofe  which  appear  in  the  oppofito 
Hemifphere;  becaufe  the  Segment  BCG  does  fo 
much  exceed  the  Segment  BAO.  And  for  that 
reafon  the  number  of  thofe  which  are  firft  dif- 
eover'of 
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CDver'd  is  greater  in  the  former  than  in  the 
Jatter. 

IE  J  BCG  be  fuppos'd  to  be  a  little  lefs  than 
the  Sphere  of  Jupiter,  or  if  the  Comets  are 
not  vifible  before  they  come  hearer  to  the  Sun 
than  Jupiter,  that  is,  if  ^^  be  fuppos'd  five 
times  longer  than  ST  (for  the  diftance  of 
Jupiter  from  the  Sun  is  more  than  five  times 
the  diftance  of  the  Earth  from  it,)  the  Segment 
£CG  will  be  almoft  twice  the  Segment  B^  G, 
and  therefore  almoft  cwice  as  many  Comers  will 
be  feen  in  the  Hemifphere  towards  the  Sun  thAii 
in  the  oppofite  Hemifphere :  But  the  Surface 
BCG  is  only  once  and  a  half  the  Surface  BAG^ 
and  therefore  half  as  many  more  will  be  firft 
difcover'd  in  that  than  in  this.  If  the  Sphere 
ABCGht  lefs,  as  for  Example,  if  5^^  be  once 
and  a  half  the  diftance  of  Mars  from  the  Sun, 
four  times  more  Comets  (ahd  a  greater  nlimberi 
will  be  feen  in  the  Hemifphere  towards  tha 
Sun,  than  in  the  oppofite  one  j  hut  the  number 
c>f  thofe  which  are  firft  difcover'd  in  the  former 
will  be  three  times  greater  than  the  number  of 
thofe  difcover'd  in  this  latter.  We  are  to  take 
notice  that  from  this  number  we  muft  take  thofe 
Vvhich  cannot  be  feen  by  reafon  of  their  too 
great  nearnefs  to  the  Sun  ;  and  on  the  other 
hand,  thofe  which  are  not  coo  near  the  Sun  ara 
better  feen  in  the  Hemifphere  towards  the  San, 
than  thofe  wMch  are  in  the  oppofite  Hemifphere, 
becaufe  they  are  more  ftrongly  enlighten'd. 

Proposition  VI. 

TO  make  an  Efiimatt  of  {tComet's  dijtance from 
the  Suit,  by  comparing   the  Light  of  a  Comet 
With  the  Light  of  a  Vlantt. 

Since  a  Comet  has  no  diurnal  Parallax,  and 
Rr  t  no 
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.    no  obfervaiions  depending  upon  it  can  make  its 
'   diftance  known,  we  may  make  an  Eflimate  of 
by  comparing  the  Light  of  a  Comet  with  that 
of  a  PIan«.    And   becaufe  ^  by  Pro;.  ^j.B-i-) 
the  enlightening  of  the  Comet  (or  the  ftrength 
of  its  Light)  at  different  diftances  from  the  Sun, 
are  in  a  duplicate  reciprocal  Ratio  of  the  laid 
diftances,  and  therefore  (for  reafons  alledg'd  10 
the  faid  Prop.)  by  how  much  more  remov'd  the 
lucid  Body  is,  by  fo  much  fewer  Rays  coming 
■     from   it  enter  the  Pupil  of  the  Eye,  and  that 
in  a  duplicate  Ratio  of  the  encreafs'd  diflance, 
or  in  a  duplicate  Ratio  of  its  diminifh'd  apparent 
Diameter ;  that  is,  the  brightnefs  of  equal  lo- 
cid  Bodies  are  in  a  duplicate  Ratio  of  their  ap- 
parent Diameters  j   therefore  (in  this  lefs  accu* 
rate  way  of  making  an  Eftimate,  by  abflrading 
from  the  different  real  Magnitude  of  the  Pla- 
net and   Comet)  the  Light  of  a  Comet  is  to 
the  I.igiit  of  a  Planet  in  a  Ratio  made  up  of 
the  duplicate  Ratio  of  the  apparent  Diameter 
,     of  a  Comet,  to  the  apparent  Diameter  of  a 
Planet,  and  the  duplicate  Ratio  of  the  diftance 
of  a  Planet  from  the  Sun,  to  the  diflance  of  a 
'     Comet  from  it :    And  therefore  the  Square  o^ 
the  diftance  of  a  Comet  from  the  Sup,  is  10  the 
Square  of  the  diftance  of  a  Planet  &om  it,  in~a 
I      Ratio  compounded  of  the  duplicate  Ratio  of  the 
apparent  Diameter  of  the  Comet  to  the  appa- 
rent Diameter  of  the  Planet,  and  a  Ratio  of  the 
Light  or  BrightneJs  of  the  Planet  to  the  H^ 
of  the  Comet.    Whence  the  diftance  of  a  Co- 
f      met  from  the  Sun,  is  to  the  diftance  of  a  Pla- 
r     net  from  it,  in  a  Ratio  compoiinded  of  the  Ra- 
[      tio  of  the  apparent  Diameter  of  a  Comet,  (0 
[      the  apparent  Diameter  cf  the  Planet,  and  a  fiib- 
'     (iupliate  R:uiQ  of  the  Light  of  the  Plawt  to 

the 
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the  Light  of  the  Comer.  But  each  compound- 
ing Ratio  is  given  by  Obfervation;  therefore  the 
compound  Racio  is  given,  namely,  thatbecween 
the  diftances  of  a  Comet  and  a  given  Planec 
from  the  Sun.  And  from  Frep  45'.  B.  j4  wa 
hare  the  diftanceof  aPlanetfromtheSun;  and 
therefore  we  fiiall  alfo  have  the  diftance  of  a 
Comet  from  the  Sun. 

By  reafon  of  the  thick  Smoke  and  the  Atmo-' 
fphere  it  felf  of  the  Comet  which  darkens  its 
Nucleus,  the  Nuc!eus  (or  folid  Body  of  the  Co- 
met which  we  mean  here)  does  not  appear  fo 
bright;  and  therefore  its  diftance  from  the  Sun. 
found  after  the  above  mention'd  manner,  muft 
be  dlminifli'd  to  become  true. 


Section   II. 

Tp  determine  very  nearly  the  W'ay  and  rf/J* 
pareta  Place  of  a  Comet. 

HAving  premis'd  fome  Phyfical  Confidera-' 
tions  concerning  Comets  and  their  Tails, 
We  fliall  go  on  to  determine  their  Orbits  by 
Obfervation,  which  is  the  chief  defign  of  thu 
yti'  Book.  And  firft  we  fliall  fhew  how,  by  tho 
Method  of  that  penetrating  Aftronomer  Mr. 
Caffini,  from  fome  Obfervadons  made  at  the 
beginning  of  the  appearance  of  any  Comet, 
the  Way  which  it  fhall  afterwards  go  among  the 
Fix'd  Stars,  and  the  Places  which  it  will  be  in 
every  Day  may  nearly  be  deccrmii'd ;  Not  that 
we  would  ha^^e  thofe  be  lookd  upon  as  accurate, 
but  that  from  thence  it  may  be  foretold  in  whac 
place  a  Comet  muft  be  look  d  for  at  a  given 
R  r  r  a  Timej 
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•  Yime  ;  whether  or  no  it  will  in  a  little  rime  be 
"hitl  under  the  Sun's  Rays,  when  it  will  be 
neareft  to  the  Earth,  and  move  fwifteft,  and  o- 
tber  things  referring  to  this. 


Proposition  VII. 
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X*^  Newing   hy  Ohfervatton  Two  Tlaeet  of  a    

'j\_   mtt  Jim  from  the  Earth,     to  determine   its 
,  IV-ty  fmong  the  Fix'd  Stars,  that  u,  itt  Node  and 

Inclination  to  the  Eelipiic.     [Fig.  4.J 

Let  CE  reprefent  the  Ecliptic,  and  lee  B  and 
D  be  two  Places  of  a  Comet  found  by  Obfer- 
vation.  Let  a  great  Circle  be  fuppos'd  to  be 
drawn  thro'  B  and  D  cutting  the  Ecliptic  at  A^ 
vhich  by  what  has  been  rticwn  in  Trap.  1  o.  B.  1. 
will  be  the  Way  of  a  Comet,  whofe  Situation 
in  refpeift  of  the  Ecliptic  is  thus  determin'd: 
Thro'  B  and  D  draw  the  Circles  of  Latitude 
BC  and  DE,  and  alfo  the  great  Circle  DC.  In 
the  Spherical  Triangle  DCE  reaangular  at  E, 
you  have  given  the  Sides  G  E  and  E  D,  this  be- 
ing the  Comet's  Latitude  when  ac  />,  and  that 
'    the  difference  of  Longitude  of  the  Places  of 

.  the  Comet  B  and  D;  therefore  the  Side  DC  will 
be  found.  Again,  in  the  Triangle  Z)fiC  yoa 
hare  all  the  Sides  given  ;  namely,  DC  lac  ' 
found,  BC  the  Latitude  of  B,  the  Place  ( 
ferv'd  and  BD  the  obferv'd  diftance  of  the  I 
ces;  and  therefore  the  Angle  CBD  will  1 
known,  and  therefore  its  Complement  CBjI. 
Laftly,  in  the  Triangle  BAG  you  have,  befides 
the  Right  Angle  ar  C,  the  Side  B  C,  and  the 
Angle -^BC;  therefore  the  Side  CA  and  the; 
Angle  at  A  will  be  known,  the  Angle  beingthe 
Inclination  of  the  Comet's  Way  to  the  Eclip- 
tic, and  the  Side,  the  Interval  of  the  Node, 
and  the  Point  c  known  in  the  Ecliptic. 
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Proposition   VIII.    Lemma.        '' 

THree  Right  lines  TAf  TB,  TD,  king  given 
in  PofisioH,  drawn  from  the  fame  Point  and 
lying  in  the  fame  Plane,  from  the  Point  A  given  in 
any  one  of  them,  {as  in  T  A^  to  draw  the  Right  line 
AC,  ii/hofe  parts  AE,  EC,  sntercefted between  the 
faid  Right  tines,  will  have  /t  given  Ratio,  namely, 
that  of  R  to  S.  [Fig.  y.} 
-  Let  the  Right  line  ^  B  be  drawn  any  how 
from  A,  to  meet  with  TB  at  the  Point  B  ;  in 
.this  Line  (produc'd  if  there  be  occafion)  on  the 
pait  of  it  towards  TD,  take  (by  Prof.  12.  El.  6.) 
jB  F,  fo  that  it  may  be  to  AB  as  5  to  R;  chro"^ 
draw i^C  parallel  to  B 7' meeting  with  TD  atC; 
and  you  will  have  AC  requit'd.  For  (hyPrep.2. 
El.  6.)  AE  will  be  to  EC,  as  AB  to  BF^  that  is, 
(by  conftrudion)  as  RtoS. 

SCHOLIUM. 
The  Pofition  and  Magnitude  of  the  Right 
Une^C,  are  eafily  defin'd,  by  Trigonometrical 
Calculation:  For  in  the  Triangle  ATB  you 
have  given  the  Side  AT,  the  Angle  ATB  and 
the  Angle  TAB  known  by  drawing  the  Line 
AB;  whence  the  Angle  ^  ST  and  the  Side  AB 
will  be  known ;  therefore  B  F  having  a  Rario  to 
the  given  ABh  given,  and  for  that  reafon  its 
parallel,  and  confequenily  equal  CM.  Agiin, 
in  the  Triangle  TMC,  knowing  the  Angle 
CTM,  Cgiven  at  firft)  and  CMT'equal  to  FBM 
(that  is,  ro  the  Complement  of  the  before  foand 
ABTto  two  Right  Angles)  and  the  Side  C^/, 
you  will  alfo  have  CT".  Laflly,  in  the  Triangle 
'act,  having  the  Sides  TAj  CA  and  the  Angle 
between  them  ATC,  you  will  find  the  third 
^C-'^and  the  Angles  r-4C  and  TCA\  that 
R  r  r  ^  is. 
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is,  the  Magnitude  and  Pofition  of  the  Right 
AC. 
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Peoposition  IX. 

FRtm  thrtt  OhftrvAtimt  ntjde  j;  sb<  btginnittg  gf 
tbt  A^ftaramc  cf  a  dmttj  to  Jttermine  tbt 
TUct  of  ibt  Perigdum,  at  tubat  tpnt  «  Comet  ttfiO- 
be  in  itt  anA  to  jmd  tbt  VUet  «f  tbt  Comer  for  a 
givm  Time.  .  fFig-  ^0 

Let  T  repreicnt  the  Earth,  (which  here, 
where  we  go  nor  to  the  greateft  accuracy,  we 
I'  ihati  confider  as  at  reR,  abflrai^ng  from  its  Mo- 
;  tion).^£DGa  Circle amongthe  Fix'd  Stars,  in 
which  the  Come:  feems  to  go,  determin'd  by 
,  Trop.  7.  in  which  the  Three  obferv'd  Places  of  a 
Comet  are,  J^  B  and  D.  Let  R  be  pat  for  the 
Time  between  the  Obfervations  at  A  and  B, 
and  S  for  the  Time  between  the  Obfervations 
aiSandiJ:  Let  the  Right  lines  7"^,  TB  and 
TD  be  fuppos'd  to  be  drawn,  and,  by  the  fore- 
going Lemma,  let  the  Right  line  ^  6  be  drawn 
thro' ^,  whofe  parts  ^E,  EC,  intercept.ed  be- 
tween the  two  Right  lines  TA,  TB,  and  the 
two  Tfi,  7'Z),  are  as  R  to  S:  This  will  be  near- 
ly the  Trajetftory  of  the  Comet,  efpecially  in 
ibme  remarkable  diftance  of  the  Comet  from 
the  Perihelium.  For  in  th«  cafe  the  Way  of 
the  Comet  is  nearly  ftrait,  and  the  Comet  goes 
equably  thro' it;  therefore  the  Spaces  gone  d 
are  proportionable  to  the  Times :  But  AK  is' 
£C  as  the  Time  in  which  the  Comet  is  fcen* 
move  from  Aio  H  among  the  Fi:i'd  Stars  to 
Time  in  which  it  is  gon:  from  B  to  Dj  aDd  that 
agrees  to  no  Right  line  drawn  from  A  to  the 
fame  parts  of  T,  except  AO  :  Thi; 
nearly  the  Comets  Trajedlory. 


goes 
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You  have  <by  the  foregoing  Lem.)  the  SUua- 
I'tion  of  the  Ri^t  line  AO  and  the  Magnitude 
'  oi  ACin  refpeft  ro  AT-^  that  is,  in  the  Triangle 
ACT  you  have  all  the  Angles  and  all  the  Sides 
given.  Ltt  TP  be  drawn  from  T,  perpendicular 
to  AO  the  Right-lin'd  Trajeftory,  and  let  it  be 
produc'd  till  it  meets  with  the  Circle  ABDatG. 
It  is  plain  that  the  Comet  moving  in  theTrajefto- 
ly AO,  is  inksPerigsumatPjfortheRight  line 
ypis  the  ftjotteft  that  can  be  drawn  from  TtoAO: 
And  G  will  be  the  Place  among  the  Fix'd  Stars, 
^hidi  a  Comet  in  its  Perigjeum  will  appear  to 
be  in.    To  find  out  which,    in  the  Triangle 
APT",  redangular  at  P,  you  hav£  the  Side  AT 
and  the  Angle  Py^T";  from  which  you  will  know 
the  Sides  yiP,  TP,   and  the  Angle  ATP,  the 
Complement  of  PviT  to  a  Right  Angle,  and 
its  Meafure  the  Arc  AG,    and  therefore  the 
Place  of  the  Perigsum  in  a  great  Circle  be- 
.  tween  the  Fix'd  Stars  which  the  Comet  defcrlbesj 
when  the  Point  A  is  known  by  Obfervation. 
Thi5  Place  G  of  the  Perigacum  is  thus  very  ea- 
fity  reduc'd  to  the  Ecliptic  NK  L :  Thro'  G  draw 
the  Circle  of  Latitude  GL^  meeting  with  the 
Ecliptic  at  L:  And  tn  the  Triangle  NLG,  be- 
lides  the  Right  Angle  at  L,  you  have  the  An- 
gle N,    (  found  by  Prop.  7.)  and  NG  the  fum 
(or  difference)  of^the  known  Arcs  iV^j  AG; 
whence  will  be  known  NL,  the  Longitude  of 
L  <he  Pengsum  from  the  Node,  and  G  L  the  La- 
l  titude  of  the  Comet  in  the  Perigzcutn.    More- 
[  over,  knowing  the  Ratio  of  the  Right  lines 
\AC  and  AP,  to  the  fame  AT,  you  will  alfo 
finow  the  Ratio  between  A  C  and  A  P  :  But  be- 
fcaufe  a  Comet  moves  equably,  the  R:itio  be- 
ftween  the  Times  in  which  the  Comet  moves 
P*hro'^C,  AP  ii  the  fame  with  the  Ratio  of- 
Rr r  4  AC 


I 
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^.Zto  j1?i  and  the  Time  in  which  it  has  mo- 
►  Ted  from  JtoC'is  known  by  Obfervation,  bc- 
i'iiffi  the  fame  which  is  fpent  between  the  firft 
^"OofervattOD  io  A  and  the  third  in  D  i  and  there- 
l-'fore  the  Tiroe  will  be  known  in  which  a  Comet 
Tdoes  move  really  from  A  lo  P,  and  apparently 
"'from  ^  to  G  ;  that  is,  between  a  known  HoiQC 
-'of  Time  and  the  Time  in  which  the  Comet 
'will  come  to  the  Perigzam.  'Qierefore  the 
I  Time  will  be  known  in  which  a  Comet  wiU  be 
in  iti  Perigzum. 

Befides,  let  thelnterral  between  the  given 
Time  for  which  the  Place  is  /ought,  and  the 
Time  of  any  Qbfervotion  (as  for  Example,  of 
the  firft  in  A)  be  requir'd.  Let  the  Line  A^ 
be  taken  in  the  Line  AQj  fo  that  it  may  be  to 
jlC  as  the  lately  found  Interval  of  Time,  to  the 
ltno>wn  Interval  of  the  Obfervations  of  the  Co- 
me: at  A  and  J):  draw  T^  and  produce  ir  till 
it  meets  with  the  Circle  NAD  in  the  Point  f^, 
thro'  which, we  muft  fuppofe  the  Circle  of  La- 
titude F  X  to  be  drawn.  It  is  plain  from  what  . 
has  been  faid  before,  that  the  Comet  is  in  the 
Point  ^  of  the  Trajeiaory  ^  O  at  the  given 
Time.  In  the  Triangle  ^AT,  from  the  given 
Sides  AT,  Aj^,  and  the  intercepted  Angle 
^^-^  yon  will  find  the  Angle  AT^,  and 
therefore  its  Meafure  f  namely,  the  Arc  Af) 
will  be  known;  But  the  Point  ^  is  known; 
therefore  alfo  the  Point  f ,  or  the  requir'd  Place 
of  the  Comet  in  the  apparent  Way  at  the  Time 
given.  Bur  the  Situation  of  this  Place  in  re- 
Ipea  to  the  Ecliptic  is  found,  by  having  alrea- 
dy, in  the  Triangle  NXy,  redangular  at  A', 
the  Angle  FNX  and  Side  NU,  by  having  found 
_}S:Xf  the  Longitude  of  the  Comet  from  the 
1-.  .-,         -'  ■..  .         Nodp^ 
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lodCj  and  XU  in  Latitude  agreeable  to  a  given 
'ime. 
Iriftead  of  the  firft  and  fecond  Ohfervacions, 
Ipny  two  Obfervations  may  be  taken  in  this  pra- 
cticsj  or  any  one  of  them  with  the  Place  and 
Timeof  thePcrigxutn  above  found.  And  that 
way  Ephemerh's  fpr  Comets  may  be  m^de. 

SCHOLIUM,  , 

In  a  Matter  of  fo  little  accuracy,  it  will  per- 
haps be  fufficient  to  defcribc  the  Way  of  a  Co- 
piec,  at  its  firft  appearance  on  the  i^urfacc  of 
,the  Celeftial  Globe,  and  to  mark  its  Places  for 
every  Midnight  of  an  Obferver's  Habitation  by 
pFocradion.  For  if  at  the  beginning  of  the 
appearance  of  a  Comet,  its  Situation  among 
the  Fix'd  Stars  be  obferv'd,  namely,  by  looking 
at  it  with  a  ftretch'd  Thread,  and  fo  knowing 
when  it  lies  in  a  Right  line  with  two  known 
Fix'd  Stars,  and  at  the  fame  time,  finding  two 
other  Fix'd  Stars,  with  which  alfo  it  lies  in  a 
Right  line,  which  may  eafily  be  done  among 
fuch  a  multitude  of  Fix'd  Stars;  a  great  Circle 
going  through  two  (or  more)  Places  obferv'd, 
niark'd  in  the  Globe  (which  the  farther  they 
are  from  one  another,  the  more  exaitt  the  pra- 
ftice  will  be)  wilFbe  the  future  Way  of  a  Co- 
met. But  a  great  Circle  going  thro'  them  will 
eafily  be  found,  by  raifing  or  depreffing  one  of 
the  Poles,  and  at  the  fame  time  turning  the 
Globe  till  the  Places  mark'd  are  at  the  fame 
time  found  in  the  Horizon  j  for  then  the  Circle 
■  which  the  Horizon  at  that  time  denotes  on  the 
Surface  of  the  Globe,  will  be  the  Circle  re- 
.  quir'd.  Therefore  its  Interfe<5tions  with  the  E- 
Cliptic  will  be  the  Nodes  of  the  Orbit  of  the 
Conaet,  and  thp  Angle  which  the  Ecliptiq 
makes 
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maks  with  the  Horizon  (meafur'd  by  the  Alti- 
todeof  thcNonagefim  Degree)  will  be  the  Incli- 
nation of  the  Orbit  of  a  Comet  to  the  Ecliptic. 
Let  a  Circle  be  defcrib'd  with  itsDiameter  equal 
Co  that  of  theGIobe,  as  for  Example  y<B  D,  whofe 
Center  is  T,  in  whofe  Circumference,  if  you 
take  the  Point  A,  it  wilt  reprefcnt  the  Place  a- 
mong  the  Fix'd  Stars,  in  which  the  Comet  was 
firftobrerv'd:  Let  the  Arcs  ^ff,  ^Dbe  taken 
equal  to  the  diftances  of  the  Places  of  the  Co-, 
met,  mark'd  on  the  Suifoce  of  the  Globe,  from 
the  Place  firft  obferv'd,  and  let  TB,  TD  be 
drawn:  And  (by  Pro;.  8.)  let  the  Right  line 
jiO  be  drawn  in  fuch  manner  thro'  ^,  that 
^  E  may  be  to  E  C  as  Ji  to  S,  that  is,  (by  con- 
ftruiaion)  as  the  Time  between  the  firft  Obftr- 
Vation  and  the  fecond,  to  the  Time  between 
the  Tecond  and  the  third.  From  T  letting  fall 
TP  perpendicular  to  JO,  and  producing  it  C  if 
need  requires)  as  far  as  the  Circumference  at  Gj 
an  Arc  equal  to  AG  being  transfer'd  from  the 
Place  firft  obfery'd,  to  the  Way  of  the  Comet 
defcrib'd  above  on  the  Surfece  of  the  Globe, 
the  Point  G  will  fliew  the  Place  among  the 
Fix'd  Stars  which  the  Comet  will  be  in,  in  iii 
Perigffum. 

Moreover,  if  the  Right  lincy^C  be  divided 
(either  adually,  or  by  help  of  GaliUut's  Cota- 
paiTes  of  proportion)  into  fo  many  equal  parts, 
as  there  are  Hours  (or  Minutes,  if  the  Scheme 
be  large  enough)  between  the  firft  Obfervation 
in  A,  and  the  third  in  C ;  each  of  thofe  pai — 
will  be  the  Way  of  a  Comet  moving  equabi 
in  ^0  for  the  fpacq  of  an  Hour,  and  twenty 
four  of  them  will  be  the  Way  of  it  in  thg" 
fpaceof  a  natural  Day,  and  fo  on.  Therefore 
the  Place  of  a  Comet  among  the  Fix'd  Stars, 
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a  giyen  Time,  is  determin'd  upon  tiie  Globe, 
lif  fo  many  of  the  forefaid  parts  be  taken  from 
y^S  towards  0,  in  the  Right  line  AO,  as  Hours 
tare  pafs'd  between  the  Time  of  the  &rft  Obfer- 
Ivation  and   the  given  Time  j  as  for  Example, 
f  A  ^i  and  let  the  llight  line  T^,   joining  ihe 
CemerTand  the  End  .^of  the  taken  parts,  be 
produced  to  V,  and  let  an  Arc  be  taken  equal 
to  J  V,  from  a  Point  anfwering  to  A  in  the  Co- 
rnet's Way,  one  Extremity  of  it  will  fliew  the 
Place  of  the  Comet  among  the  Fix'd  Stars,  a- 
greeable  to  the  faid  Time.      The  Place  of  a 
Comet  for  every  Midnight  will  after  the  fame 
manner  be  protraifted  upon  the  Surface  of  the 
(Globe:  Whence  the  Longitude,  Latitude  and 
other  things  belonging  to  a  Comer,  will  (by  the 
Operations  taught  in  B.  z.)  be  cafily  defin'd. 
Thefe  thin^  which  are  done  on  a  Globe,  may 
likewife  be  done  in  any  Planifphere  in  which 
the  Fix'd  Stars  are  drawn. 

The  Way  of  a  Comet  being  firft  drawn,  and 
the  Places  agreeable  to  different  Times  will  be 
correfted  by  the  following  Obfervations :  For 
this  Operation  and  Calculation  is  not  to  be  e^- 
pefted  to  be  without  any  Error. 

Proposition  X. 

TO  define  ;»  v/b^it  Time  a  Vafeur  going  out  of  a 
Comity  nfes  from  the  Head  to  the  Extremity 
■     ef  theTaii     [Fig.  7.] 

Let  s  denote  the  Sun  i  AB  part  of  the  Tra- 
je<ftory  of  a  Comet,  in  which  let  N  be  the  Nu- 
cleus of  a  Comet  moving  from  >4  towards  Bj 
C  the  Extremity  of  the  Tail.  Now  fince  ("by 
Cofo/.  i- F«y.4.)  theTail  NFC  is  not  exadly 
tutn'd  from  the  Sun,  that  is,  NC  does  not  lye  itt 
direiltm  with  S  A',  but  turning  towards  ^,  the 
parts 
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parts  which  the  Comet  has  left,  and  whole  In- 
clination is  known,  by  Obfervation ;  let  5£  be 
drawn  parallel  to  JVC,  cutting  the  Trajeftory 
at  the  Point  D  behind  the  Comet.  The  Vapour 
which  now  makes  the  Extremity  C  of  the 
Tail,  began  to  rife  from  the  Nucleus  when  the 
Comet  was  in  the  Point  D  j  becaufe  a  Vapour 
with  a  Motion  of  afcent,  or  direftly  from  the 
Sun,  is  compounded  of  the  progrelUve  Motion 
of  the  Comet  imprefs'd  to  it  from  the  Head  be- 
fore its  feparation.  But  by  the  foregoipg  Tnf. 
will  be  defin'd  (exa^ly  enough  for  luch  an  en- 
quiry as  this,  which  is  not  very  accurate)  the 
Time  that  a  Comet  was  at  the  Point  D,  before 
(he  Time  propos'd  of  the  Obfervation,  as  great 
as  is  requifite  for  a  Comet  to  go  thro'  the  Right 
line  DN,  ^iven  in  length.  Therefore  the  Time 
is  found  ]n  which  the  Vapour  rifes  from  the 
Head  to  the  End  of  the  Tail. 

Proposition  XI.    Lemma. 

FOuT  Right  lines  gi-ven  in  Pofition,  lying  In  the 
fame  Plane,  la  draw  a  fifth  which  Jhall  he  cut 
by  thofe  four,  in  three  pans,  having  a  gi-ven  Ratia 
and  a  gi-ven  Order  among  themjelvei.     [Fig.  8.] 

Let  there  be  four  Right  lines  given  in  Poficion, 
namely,  AE,  AC,  BC,  and  BD  produc'd  in 
infinitum,  and  three  Quantities  given,  R,  S,  and 
V:  a  Right  line  is  to  be  drawn  cutting  the  four 
^rft  given  Lines  at  M,  O,  N  and  K,  fo  that 
MO  may  he  to  ON,  as  R  to  S,  and  O N  to  NK 
as  .V  to  K 

Let  CG  be  taken,  fo  that  it  may  be  toCE  as 
S  and  rtogether  to  R  ;  take  alfo  FC  to  CD,  as 
R  and  S  together  to  V:  Draw  the  Right  lines 
^G,  BFind  produce  them  till  they  meet ^  thro' 
their  concoiirfe  H  drawfl^/f,  parallel  to  DO, 
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and  HM  parallel  to  BC,  wkh  refpeiftive  Right 
lines  concurring  as  in  the  Scheme :  Draw  MK 
and  it  will  be  the  Line  requir'd. 

For  by  reafon  of  the  Parallels  HM  and  TN, 
RN  is  to  NM  as  KT  to  TH.  But  becaufe 
BK  IS  parallel  to  Fi>,  K  T  is  to  TH  as  D  C  to 
C  F,  that  is,  by  conftru<ftion,  as  f  to  R  and  S 
together ;  and  therefore  K  JV"  is  to  NM  as  i^  to 
R  and  S  together.  Again,  by  reafon  of  the 
parallels  HK  and  OX,  MO  is  to  OK  as  MX  to 
XH:  But  becaufe  H  Af  is  parallel  to  E G,  AIX 
is  to  XH  as  £  C  to  C  G,  that  is,  by  conllruaion, 
as  E  to  S  and  f  together  ;  and  therefore  MO  is 
to  OK  as  R  to  S  and  ^together.  But  it  has  al- 
ready been  fhewn,  that  NK  is  to  MN,  as  f^to 
R  and  5  together.  Therefore,  by  divifion,  the 
three  Right  lines  MO,  O  N  and  NK  have  the 
fame  Ratio  to  one  another  as  the  three  Quanti- 
ties R,  S  and  K      ®.  E.  F. 

We  do  not  fay  any  thing  here  of  the  Limi- 
tations and  different  Cafes  of  this  Problem,  as 
being  manifeft  enough  to  any  one  that  conliders 
this  Matter. 

This  ConftruAion  is  the  Invention  of  the 
famous  Geometrician  Sir  Chnfiofha  IVrm. 

SCHOLIUM. 
The  Poficion  of  the  Right  tine  MK  and  of  the 
Points  M,  0,  N  and  K,  of  the  diftance  from 
Af  B,  C,  D  or  £,  are  thus  safily  determin'd  by 
Calculation.  All  the  Interfe(9ions  of  the  four 
Right  lines  firfi  given,  AE,  ^C,  EC,  and  SI>, 
as  the  Points  A,  B,  C,  D  and  E,  are  given  fby 
the  2  j^'"  Datum,  and  the  Angles  at  them,  by  the 
inverfe  of  Dat.  29.  wherefore  the  Right  lines 
ACi  BC,  CB,  CEand  B  D  (by  the  z6^^  Datum) 
are  given  in  Magnitude.  Buc  fby  the  z<*  Dat.) 
■  "     CF 
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XF  and  CG  are  alfo  given,  having  a  given  Ratio 
to  C  £>  and  c  E  refpedively.  In  the  Triangle 
BCFthe  Sides  CB,  C  F,  and  the  Angle  between 
them,  BCF  being  given,  you  have  the  Side B  F 
and  the  Angle  BFC,  and  confeqacntiy  rhc  An- 
gle on  the  other  fide  of  ic /i'FW.  Likewife,  in 
the  Triangle  ylCG^  from  the  given  Sides  AC 
and  CG,  with  the  Angle  ACG^  you  will  have 
the  Angle  CAG.  Therefore  in  the  Triangte 
AFH  two  Angles,  AFH  and  FAH,  which 
were  before  found,  being  given,  with  the  Side 
between  ihem  AF^  (the  mm  or  difference  of 
the  known  Right  lines  AC  and  C  F}  the  Side  AU 
will  be  known.  Laftly,  in  the  Triangle  A  HM^ 
having  theAngle//>4A/,  (thefum  ordiflFerence 
of  the  known  AngleC^E,  H^c;  and  the  An- 
gle A  MH,  equal  to  the  given  ^  E  C,  as  alfo 
the  Side  A  H,  you  will  know  the  Sides  HM  and 
AM,  the  diftance  of  the  Point  M  frotr.  the 
known  Point  X  You  may,  by  the  fame  Steps, 
find  the  Sides  BK  and  HK  in  the  Triangle  BK  H. 
Therefore  in  the  Triangle  MHK,  knowing  the 
Sides  HM,  HK,  and  the  Angle  between  them 
MHK  (equal  to  £C^  before  known,  you  will 
know  the  Angles  HMK,  HKMand  the  Bafe 
MK:  But  the  Angles  H M A,  HMK  being 
given,  you  will  have  their  fum  or  difference 
AMK  ;  that  is,  the  Pofition  of  the  Right  line 
MK,  AM  being  given  in  Polltion.  After  the 
fame  manner  AO,  or  i(N,  or  BK^  and  the  An- 
gles which  MK  makes  with  them,  are  foimd  by 
Trigonometry. 
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Proposition   XII, 
"^Our  obferv'd  Placei  of  a  Cemet  being  given,  to 
ttetermine  itsTrajeltorj/y  ifrtHilined.  [Fig.  9.} 
xt  S  reprefeut  the  Sun ;   ^  B  C  D  the  Megnut 
f  X}rhis ;  and  let  the  Points  ^,  B,  C  and  D  be 
known  Places  of  the  Earth  nt  the  Times  of  the 
Obfervations;    AE,    B  F,    CG  and  D//;  four 
Longitudes  of  an  obferv'd  Comer.    By  Prop.ji. 
draw  the  Right  line  £  H  in  fuch  manner  that  its 
part  E  Fimercepted  between  AE  and  BF,  may 
te  to  FGy  its  part  intercepted  between  iiFand 
"C  G,  as  the  Time  between  the  firft  and  ftcond 
"Obfervation,  to  the  Time  between  the  fecond 
and  third ;  and  that  the  faid  FG  may  be  to  Gff, 
its  part  intercepted  between  G  C  and  DH,  as  the 
Time  between  the  lecond  and  third  Obfervati- 
on,  to  the  Time  between  the  third  and  fourth  j 
and  E  H  thus  defcrib'd  will  be  the  MarK  of  the 
Orbit  of  a  Comet,  in  the  PJane  of  the  Lcljptic ; 
that  is,  if  thro'  a  Right  line,  which  is  the  Tra- 
jedory  of  a  Comet,  a  Plane  be  fuppos'd  to  be 
drawn  perpendicular  to  the  Ecliptic,  this  Right 
line  EH  will  be  the  common  Seftion  of  thofe 
Planes.    For  fmcc,   according  to  the  prefent 
Hypothefis,  a  Comet  moves  equably  in  a  Right 
line,  if  from  the  Points  of  that  Right  line,  in 
which  the  Comet  was  at  the  time  of  the  four 
Obfervations,  Perpendiculars  be  let  fall  to  the 
Plane  of  the  Ecliptic,  they  will  fall  on  the 
,'    Right  lines  AE,  BF,  C  G,  and  DH  refpective- 
ly,  becaufe  thefe  denote  the  Places  of  the  Co- 
'    met  in  the  Ecliptic  j  and  thefe  four  Points  will 
be  in  the  lame  Right  line,  namely,  the  com- 
mon Ssfition  of  a  Plane  ihro*  the  Trajeaory 
perpendicular  to  the  Plane  of  the  Ecliptic  with 
the  faid  Plane  of  the  Ecliptic  ^  and  befides  (by 


I 
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m  Trap.  %.  %l  6.)  the  diftances  between  thofe  Points 
I  wlil  be  as  the  diftiinces  of  the  Points  in  which 
m  the  Comet  was  found  in  its  proper  Trajectory, 
W"  and  therefore  as  the  Times  between  the  Obfer- 

■  '  vations  :  But  E  His  the  only  Right  line  whofe 
I  parts  lying  between  the  Right  lines  ^  B,  B  F, 
I  C  G  and  D  H  are  as  the  Times  between  the  four 
P  Obfervations  refpeftively  ;  and  therefore  the 
I  Right  line  £  H  is  the  Mark  of  the  Orbit  of  a 
I     Comet  on  the  Plane  of  the  Ecliptic. 

K  But  to  compare  the  diftance  of  a  given  Point 
f  of  this  Right  line  with  the  mean  diftance  of  the 
I     Earth  from  the  Sun,  for  a  time  given,  we  muft 

■  work  thus :  In  the  Triangle  yJ.Sii  you  have  (by 
I  Trof.  rS.B.;.)  the  Sides  S^,  SB,  the  diftances 
W  of  the  Earth  from  the  Sun  for  given  Times, 
%  and  the  intercepted  Angle  ASB  which  is  the 
B  difference  of  the  Places  of  the  Earth  feen  from 
I  the  Sun  ;  therefore  you  will  have  the  Angles 
I  S  ^  5,  5  B  W,  and  the  Right  line  A  B  the  Chord 
I  of  the  Arc  gone  thro"  fay  the  Earth  in  that  Time ; 
I    that  is,  the  Ratio  of  that  Chord,  to  the  Semi- 

■  diameter  of  the  M^ignus  Orhh.    Again,  in  the 

■  Triangle  KAB  all  the  Angles  are  given,  be- 
W  eaufe  you  have  the  tvioKAB,  KS^^  (namely, 
I  this  laft  being  the  fum  or  difference  of  the 
I  known  Angles  SB  A,  S  BK,  and  the  firft  Uke- 
I  wife  the  fum  or  difference  of  the  known  Angles 
i  SAB,  SAK  ; )  wherefore  you  have  the  Ratio  of 
I  the  Sides  AKmd  JB  i  But  the  Ratio  of  SA 
1/  and  A  B  was  given  before  j  therefore  the  Ratio 
I  ot  S  A  to  KA  will  be  known.  Juft  after  the 
I  feme  manner,  from  two  Places  of  the  Earth, 
L  A  and  D,  the  Ratio  between  SA  and  AO  will 
r    be  found ;  wherefore  the  Ratio  between  SA  and 

KO  will  be  known,  being  the  difference  between 

AO  and  KO:  But  it  has  been  fhewn  in  the  fore- 

fioing 
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going  Propoficzon  how  to  find  the  Ratio  be- 
tween, K  O  arid  K  E,  wherefore  the  Ratio  be* 
fween  SA  and  KE  will  be  known,  and  there* 
fore  alfo  the  Ratio  between  SA  and  AE. 
Moreover  in  the  foregoing  Propofitiorij  the 
Angle  AEH  is  alfo  found  ;  therefore  AE  19 
found,  being  the  Diftance  (in  a  right  line  ^- 
ven  in  pofitionj  of  the  mark  of  a  Comet's  Tra- 
jsAory  from  the  Earth,  exprefs'd  in  parts  of 
the  Semidiameter  of  the  Magnus  Orbis,  and  its 
inclination  to  the  faid  right  line.  After  the 
fame  manner  B  F,  or  CG,  or  DH,  may  be 
compar'd  with  the  Semidiameter  of  the  Magnus 
Orhis,  and  the  Angles  at  F,  G  and  H  will  be 
found. 

To  determine  this  Trajefloryj  from  E  to  the 
Plane  of  the  Ecliptic,  (which  is  the  fame  with 
the  Plane  of  this  Scheme )  let  E  A/  be  fuppos'd 
to  be  the  crcAed  Tangent  of  the  Angle  of  the 
Comet's  Latitude  in  the  firft  ObfetVation,  fup- 
pofing  A  E  the  Radius  ;  and  M  will  be  the 
place  of  the  Comet  in  the  Mundane  Space  for 
the  firft  Obfervarion,  becaufe  the  pofition  of  the 
Right  line  AE  is  its  Longitude,  and  the  Angl« 
MAE  its  Latitude.  Lihewife  at  H  let  tha 
Right  line  HL  be  rais'd  perpendicular  to  the 
Plane  of  the  Echptic,  and  equal  to  the  Tan- 
gent of  the  Latitude  obferv'd  the  fourth  time 
for  the  Radius  DH;  and  L  will  be  the  place  of 
a  Comet  in  the  Mundane  Space  for  the  fourth 
time  :  And  therefore  M  L  being  drawn  is  the 
requir'd  redilineal  Tra(e<ilory  of  a  Comer,  in 
wMch  a  perpendicular  let  fall  from  S  will  (hew 
the  Perihelium.  It  is  plain,  that  the  diftance 
of  the  Point  M  from  A,  or  the  Right  line  A  M 
is  to  the  Right  line  ^  E  as  the  fecant  of  tne  La- 
titude in  the  fir  A  Observation  to  the  Radius,  and 
S  a  that 


^ 
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that  Dt  is  to  D  H  as  the  fecant  of  the  Lati- 
tade  obrerv'd  the  fourth  time  to  the  Radius  ; 
bat  L  M  will  be  found  in  the  Triangle  LP M, 
X,P  being  drawn  thro'  L  parallel  to  HE,  meet- 
ing with  /W  £  at  P  :  For  befides  the  Right  An- 
gle at  P,  the  fides  LP,  VM  are  given,  the  firft 
of  thera  equal  to  the  before  known  H  E,  and 
the  laft  equal  to  tli4  difri:rence  of  the  known 
ME,  H  L;  wherefore  L  M  will  be  known,  be- 
ing a  Right  line  equally  gone  through  by  a  Co- 
niet  during  a  known  Time,  namely,  whilft  the 
Earth  moves  from  ^  to  D. 

Moreover,  for  finding  the  Node,  the  Time 
when  the  Comet  will  be  in  the  Node,  the  incli- 
nation of  the  Comet's  Way  to  the  Ecliptic,  and 
other  things  of  this  nature,  ler  ML  be  pro- 
duc'd  till  ic  meets  with  E  H,  is  for  Example  at  N; 
NH  will  be  to  HL  as  HE  to  PM,  and  there- 
fore knownj  alfo  iLN  will  be  to  LH  as  LM  to 
MP,  and  therefore  alfo  given :  Let  a  Time  be 
taken  which  is  to  the  Time  between  the  firft  and 
founhObfervacion  as  N  L  to  LA/,  and  it  will 
be  the  Time  between  tlic  fourth  Obfervation 
and  the  moment  when  the   Comet  will  be  in 
the  Node;  for  in  an  equable  motion  ffuch  as 
we  fuppofe  this  of  a  Comet) theTimes  are  as  the 
Spaces  gone  thro'  :  But  the  place  of  the  Comet 
in  the  Node  will  be  given  :  For  fince  the  point 
N  is  given,  and  { by  reafon  of  the  Time  known 
between  the  fourth  Obfervation  and   the  mo- 
ment when  the  Comet  is  in  the  Node)  thePJace 
alfo  of  the  Earth  is  given  for  that  moment;  yoH 
will  have  { by  Dat.  26. )  the  polition  of  a  Right 
line  joining  thofe  Points,  that  is,  the  Longitude 
of  the  Comet  when  it  is  in  the  Node.  Moreover, 
becaufe  you  have  the  diftance  of  the  Node  from 
the  point  H  (the  place  of  che  Comet  at  the 
fourth 
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fourth  Obfervacion)  and  the  Latitude  of  the 
L  Comet  at  the  faid  point  H,  (namely  the  two 
llfides  about  the  Right  Angle  in  a  redangular 
ifpherical  Triangle  ; )  you  will  have  the  Incli- 
'  nation  of  the  Hypothenufe  or  of  the  Comet's 
■   Way  to  the  Ecliptic. 

pROPosiTioir  Xin. 

THings  being  ai  before,  to  find  the  Flace  of  a 
Comet  fecn  from    the  Earth  for  a  given  Timet 
CFig.  loj 

Let  the  mark  or  feflion  of  the  Orbit  of  a  Co- 
met be,by  the  foregoing  Prop,  determin'd  on  the 
Plane  of  the  Ecliptic,  namely  EHNR^  and 
MLN  the  Orbit  icfelf  in  the  Mundane  Space, 
the  Points  N,H,E,MSiaA  L,  denoting  the  fame 
things  as  before  ;  Let  £  R  be  taken  to  £  H  as 
the  Ipace  between  the  fiift  Obfervation  and  the 
Time  given,  for  which  the  Comet's  Place  is  re- 
quir'd,  to  the  Time  between  the  firft  and  fourrh 
Obfervation  :  Moreover,  find  (by  Prof.  18.  B.^.) 
the  place  of  the  Earth  for  the  Time  propos'd, 
t;("&.  the  point  ^  The  pofition  of  the  Right 
line  ^R  whofe  two  Extremities  ^and  R  are 
known,  fbeing  given  by  Dat.26.)  gives  the  re- 
I  Quir'd  Longitude  of  the  Comet.  Moreover,  let 
I  R  f' be  taken  to  R  JV  as  ME  to  E jV,  and  the 
t  latitude  of  the  Come:  will  be  at  the  given  Time 
1  Angle  whofe  Radius  is  ^R,  and  the  Tan- 
gent the  Right  line  R  V. 
'  After  this  manner  may  you  make  Epheme- 
is's  of  the  motion  of  a  Comet,  either  graphi- 
tally  or  by  calculation. 

SCHOLIUM. 

After  the  fame  manner  you  may  find  the  dj- 

^ance  of  a  Comet  from  the  Earth,  etcher  in 

rigsum.  or  for  a  Tims  given,  as  well 

S  f  f  »  ihortend 


740        7^*  Elements       Book  vJ 

ftortcn'd  as  in  its  Traje^ry ,  exprefs'd  in 
parti  of  the  Diameter  of  the  Magnm  Orbh  j  as 
alfo  the  Angle  which  the  Traje^ory  of  a  Co- 
met makes  with  a  Ri^t  line  joyning  a  Comet 
and  the  Earth,  and  which  the  mark  or  fedioo 
of  the  Orbit  of  a  Comet  in  the  Plane  of  the  E- 
cliptic  contains  with  a  Righ:  line  drawn  from 
the  Earth  to  the  place  of  the  Comet  in  the  £- 
cliptic. 

COROLLART. 
Hence  the  true  Magnitude  as  well  of  the  No* 
cleus  of  a  Comet,  as  of  the  Peruke  or  Halrinels 
about  it  like  an  Atmofphere,  will  be  determia'd; 
for  when  once  yoii  know  the  Diftance  of  a  Co- 
met and  the  apparent  Diameter  of  the  Nucleus, 
and  of  the  Atmofphere  about  the  Nucleus  by 
obfervation,  their  Magnitude  will  be  known 
after  the  fame  manner  that  the  Magnitude  of 
the  'Planets  is  known  from  the  like  Data  in 
Fro/i.  46.  B. ;.  For  by  knowing  the  Places  of 
the  Sun  and  of  a  Comet,  the  Angle  which  the 
Tail  makes  with  a  Right  line  joyning  the 
Earth  and  a  Comet  will  be  known,  and  the 
Angle  at  the  Earth  which  the  Tail  of  a  Comet 
fubtends  is  known  by  Obfervation ;  from  which 
things  being  known  and  from  the  given  diflance 
of  a  Comet  from  the  Earth  (namely  the  fidc 
between  the  faid  Angles  )  the  length  of  the 
Tail  will  be  known :  Irs  thicknefs  will  be  ibunti 
the  fame  way  as  that  of  a  Comet. 


IS  will  OCWUUU      J 

■  I 
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H  Section  III.  3 

HTi?  determine  the  true  Tr^eBoty  of  a  Come^M 

11717"  E  Iiave  in  fome  of  the  foregoing  Pro- 
V  V  pofitions  fliewn  how  co  find  fuch  a  Tra- 
jeiftory  of  a  Comet  as  does  not  much  difagree 
^with  the  Phanomena,  not  only  becaufe  fuch 
a  Traje<itory  will  fuffice  for  nearly  determining 
the  Places  of  feveral  Comets,  and  becauf;  a 
pretty  many  of  the  chief  Philofophers  did  be- 
lieve that  a  Comet  was  really  carried  in  a  Right 
line ;  bat  alfo  becaufe  by  that  means  we  have 
laid  a  Foundation  for  finding  the  true  Parabo- 
lical or  Elliptical  Traje<5tory  to  be  defcrib'd 
from  Obfervations,  which  we  (hall  do  in  the 
following  Pages,  after  we  have  premjfed  fome 
Propofitions  concerning  the  motion  of  a  Comet  \ 
in  a  Conic  Seflion  for  the  better  underftanding 
of  ir,  and  laid  down  neceifary  Lemmas.  j 

Proposition  XIV.    Lemma.  J 

IF  the  Right  line  GAB  touchei  the  Parabola  V  A,' J 
jvhoft  Vertex  it  V  and  Axis  VD  in  the  Pw»t  Af  J 
and  from  F  the  Focus  of  the  TarahoU  ¥  C  be  Utfag^ 
ftrpendicularly  oa  thefaid  lim^  it  iviil  be  a  Mean  1 
VProfortional  bitwten  the  Right  Una  FAaWFV.  fl 

[[Fig-  "•] 

Let  the  right  line  touching  the  Parabola  and    I 
he  Axis  of  the  Parabola  be  produc'd  till  they    I 
ueet  together,  as  for  Example  at  B :  Thro'  A   j 
JJet  ^£  be  drawn  parallel  and  AD  perpendicular 
to  the  Axis;  and  Sfwill  f  by  Pra/'.  ;f.B.  r.E/, 
Conic.')  be  equal  to  VD^  and  by  the  well-known 
catoptrical  prooercy  of  the  Parabola)  the  An- 
[  Sff;  gltfj 
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gle  GAZ  is  equal  to  the  Angle  Pabi  But 
C4B\s  equal  to  ABF;  whence  F AB  is  e- 
qual  to  FBAj  and  therefore  FB  is  equal  to  FA, 
and  A  C  equal  to  C  iJ ;  therefore  (  by  Prop.  2. 
£/.  6.)  rc  being  drawn  is  parallel  to  A  D,  that 
is,  perpendicular  to  B  F.  Whence  (by  Prop.S. 
E/.  6.)CFisa  mean  proportional  between  BF 
andff:  But  v4F  has  been  fhewn  equal  to  BF, 
and  therefore  C  F  is  a  mean  propoitional  h> 
twesaFA  and  FK     ®^E.D. 

COROLLARTt. 
Hence  It  follows,  that  in  the  fame  Parabola 
FC  is  in  a  fubduplicate  ratio  of  FA,  or  that  this 
FC  is  to  any  other  FC  in  a  fubduplicate  ratio 
of  this  F^  to  another  FA  3greeable  to  ano- 
ther faid  FC ;  or  fince  fF  is  conftant  and  un- 
changable,  FC4  will  be  as  FA  itfelf,  and  there- 
fore the  right  line  FC  i:felf  in  a  fu6duplicate 
ratio  of  the  right  line  FA. 

COROLLA  RT  1. 
If  in  FV  produc'd  betaken  THeqiialtoFF, 
and  the  infinite  Line  /-/  K  be  drawn  parallel  to 
FC,  on  which  from  any  point  -^  of  the  Para- 
bola AK  he  let  fall  perpendicular,  it  will  be 
equal  to  Fa  the  diftance  of  the  point  A  from 
the  Focus.  And  converfly  if  A  K,  let  fall  per- 
pendicularly from  A  on  the  right  line  HJf,  be 
equal  to  the  right  line  AF;  the  point  A  will 
be  in  the  Parabola  above  defcrib'd,  whole  Fo- 
'     cus  is  Fand  Vertex  K 

The  Firft  it  appears  from  hence :  That  Bf  is 
equal  tore  (by  Trsp.  5;.  S.  i.CowjV.)  and  H^ 
by  conftruAion  is  equal  to  yp,  and  therefore  B  F 
is  equal  to  H  D:  But  it  has  been  before  (hewn, 
thutAF  is  equal  to  flFand  by  (Prop.  ;4.  El.  1.) 
KA  is  equal  to  HD;  whence  KA  and  FAavz 
equal.  Eut 


I 
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But  the  fecond  from  hence :  By  fijppofition 
AK  is  equal  to  A  F,  wherefore  the  point  A  is 
in  a  right  line  perpendicular  to  FK  rais'd 
from  its  middle  point.  Now,  if  a  Parabola 
whofe  Vertex  is  K  and  Focus  F,  does  not  go 
thio'  Af  let  it  go  thro'  any  other  Point  of  the 
right  line  KA,  ('or  produc'd  if  occafion  require) 
as  for  Example  *  .■  Becaufe  (by  what  has  been  al- 
ready fliewn.  Ft  is  equal  to  KA ;  whence  the 
Point  «  is  in  the  forefaid  perpendicular  to  FK 
rais'd  from  its  middle  Point.  Therefore  thefaid 
perpendicular  will  meet  with  the  two  Points 
•  A  and  *  of  the  right  line  K  A,  which  is  ab- 
:  furd ;  and  therefore  a  Parabola  whofe  Focus 
is  F  and  Vertex  V,  will  go  thro'  the  point  A^  if 
AK  and  AFht  equal. 

Proposition  XV. 
;■  ~WFaBody  moves  in  aTarahoh,(^andatthefa?ne  time 
r  A  Ae  urgdhy  Forces  tending  ta  the  Focus  of  the  Para- 
I  hola^  which  Forces  are  reciorocnlly  froftrt'wnablt  to  the 
I   Square  of  the  difiajice  of  tot  Focin)  its  Vtlodty  in  any 
point  of  the  P^irabola  is  reciprocally  in  a  jabdaplicnte 
ratio  of  the  difiance  from  the  Focus  of  the  Parahoh. 
[Fig.  12.] 
,     Let  DC  be  theParabolicalTrajedory  of  a  Body, 
whofeFocus  is  5  ;  it  is  plain  (from  Carol,  z.  Prop. 
41. S.  I.)  that  its  Velocity  in  the  point  C  is  reci- 
procally  as  5  £  drawn   perpendicularly  from 
the  Focus  S  on  the  right    line    C  JE»    which 
touches  the  Par^ibola  at  C,  or  that  the  Velocity 
of  the  Body  in  C  is  to  its  Velocity  in  c  as  5  e  to 
SE:  But  (fromCoro/.  i.  of  the  foregoing  Pjc/i.) 
5  e  is  to  S  E  in  a  fubduplicate  ratio  of  the  right 
/lineSc  to  the  right  line  SC;  and  therefore  the 
,  velocity  of  the  Body  in  C  is  to  its  velocity  in  c 
•in  a  fubduplicaie  ratio  of  the  right  line  5  c  to 
S  f  f  4  the 
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the  right  line  S  C  ;  that  is,  the  velocio'  of  the 
Body  is  inverlly  in  a  fubduplicate  ratio  of  its 
diilance  from  the  Focus.    ^  E.  D. 

Proposition  XVI. 

THE  famt  tbingt  he'mg  fuffoi'd  as  hiforeytb* 
velocity  of  a  Body  in  any  point  ef  a  Para- 
bola is  to  the  •vekciij  of  a  Body  revolving  in  a  CireUf 
about  the  fame  center  of  Forces  defcrib'd  at  the  fatMt 
Mfiame,  as  the  Diameter  of  a  Stuart  to  its  Si</«. 

For  (by  Cor.  I. Prof.  4i.B.i.)the  velocity  of  a 
Body  moving  in  a  Parabola  ac  the  leaft  diftance 
from  the  Focus  (that  is,  in  the  Vertex  of  the 
Parabola)  is  to  the  velocity  of  a  Body  moving 
in  a  Circle  at  the  fame  dittance  about  the  fame 
center  of  Forces,  in  a  fubduplicate  ratio  of  the 
principal  Latus  rtSum  of  the  iParabola  to  twice 
the  diftance  of  the  Vertex  from  the  Focus :  But 
the  principal  Lotus  rec/ww  of  the  ParaboJa  is  e- 
qual  to  four  times  the  diftance  between  the  Fo- 
cus of  the  Parabola  and  its  Vertex,and  therefore 
the  velocity  of  a  Body  moving  in  i  Parabola  af- 
ter the  manner  menrion'd,  whilft  it  is  in  its  Ver- 
tex, is  to  the  velocity  of  a  Body  moving  in  a 
Circle  about  the  fame  center  of  Forces  at  the 
fame  diftance,  in  a,  fubduplicate  ratio  of  Four 
to  Two,  or  of  Two  to  One  ;  that  is,  in  the  fame 
ratio  which  the  Diameter  of  a  Square  has  to  its 
Side.  Again,  (by  the  foregoing  P«p.)the  ve- 
locity of  a  Body  jji  any  other  Point  taken  at 
pleafure,  is  to  its  velocity  in  the  Vertex  in  a  fub- 
duplicate ratio  of  the  diftance  of  (he  Vertex 
from  the  Focus  to  the  diftance  of  the  faid  PoiAt 
taken  at  pleafure  from  it :  And  (by  Prep.zj^.i.) 
if  Bodies,  which  are  urg'd  by  Forces  reciprocal- 
ly proportional  to  the  fquare  of  the  diftanoe 
from  the  Center,  defcribe  about  a  given  Cenwr 
Circle^ 
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Circle,  at  the  fame  diftances  -as  the  forementi- 
on'd  points  of  the  Parabola,  the  velocity  of  a 
Body  revolving  in  a  Circle  paffing  thro'  the 
faid  Point,  will  be  to  the  velocity  of  a  Body  in 
a  Circle  paffing  thro'  the  Vertex  of  the  Parabola 
in  a  fubduplicate  Ratio  of  the  diftance  of  the 
Vertex  from  the  Focus,  to  the  diftance  of  this 
other  taken  Point  from  it;  that  is,  in  the  fame 
Ratio  that  the  velocities  of  a  Body  carried  in  a 
Parabola  at  the  fame  Diftances,  have  been 
lliewn  to  be  to  each  other.  And  therefore  by 
Tranfpofition  the  velocity  of  a  Body  moving  ia 
a  Parabola  at  a  Point  taken  at  pleafure  is  to  the 
velocity  of  a  Body  moving  in  a  Circle  at  tha 
fame  diftance,  as  the  velocity  of  a  Body  moving 
in  a  Parabola  at  the  Vertex,  to  the  velocity  of 
it  moving  in  a  Circle  at  the  diftance  of  the  faid 
Vertex ;  that  is,  ps  was  before  fliewn,  in  a 
Ratio  of  the  Diameter  of  the  Square  to  its  fide. 

PROFOSXTION  XVII. 

THe  velocity  of  any  Comet  u  to  the  velocity  of 
any  Vrimary  Flanet  in  a  fulfdaflicate  Ratio  of 
twice  the  Mjtance  of  a  Placet  from  the  Sua  to  toe 
difiance  of  a  Comet  font  it. 

It  is  plain  from  the  Firft  Book,  that  tho'  the 
Way  of  a  Comet  about  thcSun  be  Elliptical,  yet 
by  reafon  of  the  great  Excemricity  of  fuch  an 
f  llipiis,  it  may  be  look'd  upon  as  a  Parabola  ia 
whofe  Focus  the  Sun  is;  at  leaft  in  that  part  of 
it  which  being  in  our  planetary  Region  is  fub- 
jed  to  Obfervation,  i:  does  not  fenfibly  differ 
from  a  Parabola.  And  it  is  plain  from  the  Third 
Book,  that  the  Orbits  of  the  Primary  Planers, 
by  reafon  of  their  fmatl  Excentricity,  differ  very 
little  from  Circles  concentric  to  the  Sun. 
Whence, 
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Whence,  from  the  foregoing  Frop.  it  is  plain,  thai 
the  velocity  of  a  Comet  is  to  the  velocity  of  a 
Primary  Planet  revolving  at  the  fame  diftance  as 
the  Comet  in  a  Subduplicate  Ratio  of  Two  to 
One.  Ami  the  velocity  of  fuch  a  fuppos'd  Pla-  i 
net  is  to  the  velocity  of  any  other  Primary  Planet 
revolving  at  any  diftance  (by  Prof.  17.  B.  i.)  in 
a  fubduplicate  Ratio  of  the  diftance  of  this  (aid 
laft  real  Primary  Planet's  diftance  from  the  Sim, 
to  the  diftance  of  the  fuppos'd  one,  that  is,  to 
the  diftance  of  the  Comet  itfelf  from  if :  And 
therefore  the  Ratio  of  the  velocity  of  a  Comet, 
to  the  velocity  of  any  Primary  Planet,  made  up 
of  the  Two  aforefaid,  is  equal  to  a  fubdupUcate 
Ratio  of  twice  the  diftance  of  the  Planet  from 
the  Sun  to  the  diftance  of  the  Comet  from  ic. 

COR  O  L  L  ART. 

Hence  the  velocity  of  a  Comet  may  be  com- 
par'd  with  the  velocity  of  any  Primary  (as  for 
example  of  the  Earth)  carried  about  the  Sun,  if 
the  Ratio  be  known  becween  the  diftance  of  ^ 
Comet  from  the  Sun,  and  the  mean  diftance  of 
the  faid  Planet  from  it. 

Pkoposition  XVIII. 

LEr  P  A  B  ^e  any  Parabola  wbofe  Foem  it  S,  ani 
any  Arc  of  it  ACB,  whcft  Chord  AC  h  biJiSed 
in  the  Point  M,  thro  which  the  right  lime  M  V  it 
4ra-wn  far.dkl  to  the  Axis  of  the  Paraholj  meeting 
the  Parabola  in  V,  and  pro/iue'd  to  G,  fo  that  M  V 
be  the  double  o/"  VG  ;  let  G  She  dr^wn  cutting  A  B 
in  Q,  end  be  froducd  to  E,  fo  that  S  E  m''y  be  the 
double  of  SG  :  If  a  Comet  defcribet  thePar.ibolicAre 
ACB  about  rhe  S«»  S  (of  in  the  ;  j'"'  Prop.  B.  1} 
the  right  line  EC,  joining  the  Comet  when  it  is  ttnj 
where 
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,  ivhere  in  the  [aid  Arc  (at  at  C)  and  the  Point  E  dc 
f  term'md  before,  wiU  cut  the  Chord  A B  in  D,  in  fucb 
\  rnanner  that  AD  will  be  nearly  fo  DB  *w  the  "Time 
'  in  which  a  Comet  defcribes  the  Arc  A  C,  to  the  Time 
that  it  dtfcribes  the  Arc  C  B.  [Fig.  i ;.] 

Draw  the  right  lines  SB,  SD,  SC,  GA  and  Af^i 
draw  alfo  GD  meeting  with  the  Parabola  at  K. 
Becaufe  Ml^is  parallel  to  SX  it  will  (by  Prop. 
46.  B  I.  El.  Conic.)  cut  all  the  right  lines  parallel 
'  to  AB  terminated  by  the  Parabola  into  two  e- 
qual  parts,  and  therefore  it  will  divide  the  Pa- 
rabolical Segment  comprehended  under  the 
Curve  AV B,  and  the  right  line  AB  into  two 
equal  parts  or  half  Segments  AHFM  and  BCVM. 
Thro'  fdrawf'f  parallel  to  AB,  (which  by 
Trap.  17.  B.  i.  £/.  Conic.)  will  couch  the  Parabola 
inV)  meeting  the  right  line  GD  at  F,  and  let 
us  fuppofe  the  right  lines  SF,  C  F  to  be  drawn. 

Becaufe  by  conftrudion  MVh  the  double  of 
VG,  and  E  5  alfo  the  double  of  5G,  MV  will 
be  to  f'G  as  £S  to  SG.  But  by  reafon  of  the 
Parallels  KF  and  A-/£>,  DF  is  (by  Pro;..  2.  Fl.6.) 
to  FG  as  ^f  to  l^G  ;  and  therefore  £Fis  to 
FG  as  E  S  to5G.  Therefore  the  right  line 
SF  will  be  parallel  to  the  right  line  EC  (  by 
Vrop.  2.  El.  6.)  and  therefore  the  Triangles  DSC, 
DFC(byPro;.37.£/.i.)will  be  equal:  ButtheTri- 
angleD  FC  is  nearly  equal  to  the  Triangle  DKC, 
by  reafon  of  the  nearnefs  of  the  Points  F  and  Kt 
therefore  the  Triangle  DSC  will  be  nearly  equal 
to  the  Triangle  DKC.  Moreover,  the  Triangle 
MAG  is  (  by  Prop.  I.  f/.  6.)  to  (he  Triangle 
MAV  in  a  fefquialteral  Ratio,  becaufe  they 
have  the  fame  Vertex  ./4  and  the  BafeG^/is  to 
the  Bafe  MV  ^  one  and  a  half  to  one.  But 
the  Triangle  ^f  A/  (by  the  24'^^!  Vrof.  of  Jr- 
tbimedes  of  the  ^adrature  of  the  Parabola  J  is  fub- 
fefqui- 
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fefquitertial  to  the  Segment  AHVMi  therefore 
the  Triangle  AGM  is  eight  times  and  a  half  the 
Semifegtnent^HJ'^,  namely,  in  aRatiocon»- 
pounded  of  a  fefquialteral  and  fubfefquitertial 
Ratio.    Again,  the  Triangle  MGD  is  nine  times 
its  fimilat  VCF^  the  fide  MG  being  three  times 
greater  than  the  homologous  fide  VG^  therefora 
the  Triangle  MGD  is  eight  times  and  ahalf  chS 
Trapezium  MVFD:   therefore  the  TrianglJ 
AGM  is  to  the  Semifegment  AHVM  astbi 
Triangle  MGDtoxhzTrafeziMm  MVED^  s__ 
again,  the  half  Segment  A  H  ^M  is  to  the  Tn 
pezium  Ml^FD  as  the  Triangle  AGM  to  t'' 
Triangle  ^^GU,  that  is  (by  Pro;>.i.£/,  tf,  (ast 
right  line  ^  A/  to  the  right  line  MD.     Buc  tij 
Trapezium  MVFD  is  nearly  equal  toa  protid 
of  the  Parabolical  Segment  MVKD  eontaii/ 
under  the  right  lines  KD,  DM^MTznd  tbefink 
part  l^K  of  the  Parabolic  Curve  ;  and  therefwi 
the  Semifegment  A  HVM  is  nearly  to  the  porif 
onMVKD  as  the  right  line  ^Mtotheri^ 
line  MD.    Wherefore  the  half  Segment  ./^H^ 
encreas'd  by  MVKD  (that  is,  the  ParaboHcJ 
Area  AHVKDA)  is  to  the  Semifegment  who 

the  faid  part  is  taken  from  it  (that  is,  the  pai 

BCKDB)  as  AM  and  MD  together  to  MB  when 
MDh  taken  from  it,  or  as  A  D  to  DB^  and 
the  Triangle  ASD\s  alfo  to  the  Triangle  B  SD 
(by  ?rc^.i.  Elf,.)  AS  AD  to  DB.  There- 
fore the  fpace  SAHVKDS  is  to  the  fpace 
SBCKDS  as  AD  to  DB.  Now  if  to  the  firft 
fpace  you  add  the  Triangle  DKC,  and  from  the 
Sum  take  away  the  Triangle  DSC,  equal  to  the 
forefaid  Triangle,  by  what  has  been  already 
fhewn,  you  will  have  the  fpace  SAHKCS  eq^al 
to  the  faid  firft  fpace.  Likewife,  if  to  the  laft 
ipace  be  added  the  Triangle  DS(^  and  from  the 
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Sum  betaken  the  Triangle  DKC  equal  to  it, 
you  will  have  the  fpace  SBCS  equal  to  the  faid 
tail  fpace.  Therefore  the  right  line  ^  D  is  to 
[  the  right  line  DB  nearly  as  the  fpace  SAHVCS 
to  the  fpace  SCBS.  But  the  fpace  SAHVCS 
is  the  Area  which  a  Comet  by  a  Radius  drawn 
to  the  Sun  defcribes  whilft  it  goes  through  the 
Parabolic  Arc  AC,  and  the  fpace  SBC  Sis  the 
Area  which  the  fame  Comet  defcribes  after  the 
fame  manner  as  it  goes  thro'  the  Arc  C  B  j  and 
thefe  Areas  (by  Frop.  11.  B.  i.)are  as  the  Times 
in  which  a  Comet  defcribes  the  Arcs  AC  and 
C B  :  therefore  the  right  line  AD  is  to  D  B 
nearly  as  the  Time  in  which  a  Comet  defcribes 
the  Parbolic  Arc  ^  C  to  the  Time  that  it  de- 
fcribes the  Arc  BC.  But  the  point  C  (the  Co- 
met's place)  is  taken  at  pleafure:  Therefore' 
Univerfally  the  right  line  E  C  does  fo  divide  the 
right  line  ^4  B  at  D,  that  j4D  is  nearly  to  D  B 
as  the  Time  in  which  a  Comet  defcribes  the 
Arc  AC,  to  the  time  in  which  it  defcribes  th? 
Arc  CB.    ^E.  D. 

SCHOLIUM. 
If  the  Point  C  coincides  with  the  Vertex  Foi 
the  Parabolic  Arc,  then  ^  D  will  be  to  D  B  ac- 
curately as  the  Time  in  which  a  Comet  defcribes 
the  Arc^  C,to  the  time  in  which  it  defcribes  the 
ArcCB.  For[f;;g.i4.]  the  Triangle  ^5Dis  (as 
it  was  before)  to  the  Triangle  BSD  as  ^  D  to 
jiD,  andalfo  the  Semi-fegment  A  HVM  when. 
the  Trapezium  MVFD  is  taken  from  it,  is  to 
the  Semi-fegment  BVM  encreas'd  by  the  faid 
Trapezium  MVFD  zs  AD  to  BD:  But  the 
Trapezi  jm  M  VFD  is  made  up  of  the  two  Tri- 
angles D^I^and  DFV-,  and  therefore  the  Tri- 
angle ASD-^r  the  Semi-fegment  AHVM—, 
|hc  Triangle  PiWf^::^  ^*»*  Triangle  DFVi^ 
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to  the  Triangle  nS-!^-\-  the  Semi-fegmem  B  V 
M+  the  Triangle  £)  iV/  F  +  the  Triangle  D 
J'^as  AD  to  DJi.  Inftead  of  the  Triangle 
Z)  FK,  let  us  make  theTriangle  DSC  equal  to  it  j 
and  the  Triangle  ^SD  +  ,  the  Semi-fequent 
AHVM—  the  Triangle  BA/r—  the  Trian- 
gle DSC  will  be  to  the  Triangle  fl5D+  the 
Scmi-fegment  BVM-¥  the  Triangle  DMI^  ~\^ 
the  Triangle  DSC  as  AD  to  DR-,  that  is,  the 
Area  ASCHA\ito  the  Area  C  5  B  C,  or  (by 
Prep,  ii.fl.i.)  the  Time  in  which  the  Comet  de- 
fcnbes  the  Arc  AC^  to  the  Time  in  which  it  de- 
fcribes  the  Arc  QB,  as  the  right  line  AD  to  the 
right  line  DS  ;  and  that  accurately  j  for  the 
Curvilinear  fpace  has  not  been  taken  nearly  e- 
qual  to  the  Re<^ilinear  one,  as  it  was  done  in 
the  Propofition,  when  the  Point  C  was  differei 
from  the  Point  V. 

COROLLART  \. 
Hence  it  follows,  that  the  nearer  the  Point 
C  be  to  Kthe  Vertex  of  the  Segment,  fo  much 
more  accurately  is  the  Oiord  A  E  divided  by 
the  right  line  E  C  into  the  two  Segments  A  D 
flD,  having  to  one  another  the  Ratio  of  the 
Times  in  which  the  Comet  goes  thro'  the  Arcs 
AC,CBi  For  if  it  falls  in  with  V,  that  is  exaift- 
lyfoj  if  not,  then  it  is  nearly  fo.  But  we  muft 
obferve  that  rhe  Error  will  be  iefs  if  Cis  diftant 
from  ^towards  B,  than  if  it  fhou'd  be  as  far 
ftant  from  it  towards  W;  becaufe  the  Portit 
VA  of  the  Parabola  nearer  to  the  principal  Vei* 
tex  -Yis  more,  curve,  and  declines  fooner  from 
theright  line  VF  Tangent  to  it,than  the  portioa 
VB  remoter  from  A''.  And  hence  it  happens,that 
if  three  moments  of  time  be  requir'd  at  which  tho 
Comet  is  in  three  Pwnts  of  th?  Parabola  (fuch  a» 
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are  A,  C  and  Bjfo  dif pos'd  that  the  right  line  E  C 
.may  cut  the  Chord  ab  in  Z>,  fo  that  ad  may  be 
Eo  PS  accurately  as  the  two  Times  between  the 
Aree  intercepted  Moments,  the  faid  Times  muft 
be  nearly  equal  to  one  another.For  in  fuch  parts 
of  the  parabolic  Trajedory  as  we  can  obferve, 
the  Point  Z>  (where  the  right  line  joyning  the 
Vertex  Kand  the  Point  E  cuts  the  Chord  A  B) 
is  not  very  far  diftant  from  M  the  middle  point 
of  the  Chord,   But  that  interval  pf  Time  where 
the  Comet  mov'd  floweft  muft  be  fomething 
'.  greater  than  the  other  ;  for  it  is  plain  thatwheij 
the  Comet  is  in  V,  where  the  thing  required  is 
exadily  found,  that  the  right  line  DS  is  greater 
than  AD  ;  that  is,  the  time  in  which  the  Comet 
(then  moving  floweft  by  Vrof.  i  <;.)  defcribesthe 
Arc  iiC,  is  greater  than  the  Time  in  which  the 
faid  Comet  by  a  fwifter  Motion  defcribes  the 
Arc  A  C.    But  it  is  fafer  to  take  Times  that  are 
not  very  nneqiial,  that  the  point  D  may  rather 
decline  towards  B  than  A,  upon  account  of  the 
reafon  before  ailed g'd  j  namely  that  the  Error 
may  be  lefs  if  C  is  diftant  from  V  towards  B 
than  towards  A. 

COROLLART2.  [Fig.  15.] 
l^Vj  the  Vertex  of  the  Segment,  is  not  far 
diftant  from  X  the  principal  Vertex-,  nor  the 
Point  C  fioaxV^  the  right  Ime  S  C,  drawn  from 
S  the  true  Focus  of  the  Parabola,  will  divide 
the  Chord  AB  in  y,  nearly  in  a  Ratio  of  the 
Times  in  which  the  Comet  defcribes  the  Arcs 
A  C  and  CB.  If  5  t'is  very  great  in  refpe.a  of 
MV,  jW^  will  be  the  triple  of  ^-v:  For  in 
that  cafe  the  right  lines  ^,^G,  ^T'Varetobe 
look'd  upon  as  parallel;  therefore  (by  Trop.z.El. 
6.)  M^  is  to  ^y  as  ATG  to  GK;  that  is,  by 
conftrudionj  as  j  to  x. 

COROL' 


I 
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COROLLART  3. 
Things  remaining  as  before,  ^E  will  be  e-^ 
qual  to  ;  ^S  +  ;  ;w  J':  For  by  conftruaion  5 
£  is  equal  to  2  SG,  therefore  G£  is  equal  to 
tSG,  that  is,  GEss  ;  5^+  3  £.G:  if  thcreforo 
from  each  fide  be  taken  ^G,  ^£  will  be  cqoal 
to  5  5  ^  +  2  ^G .-  but  by  reafon  of  the  Pa- 
rallels ^G,  >.  V,  ^Gis  toj-raa  AfG  fo  MV^ 
that  is  as  ;  to  2  ;  wherefore  2^G  tsi  j  yV: 
and  >Kis  equal  to,MV,  becaufe  the  Angles 
yAlV  and  MyV  are  equal,  by  reafon  of  S  f 
and  MV,  which  make  equal  Angles  with  a  right 
line  touching  the  Parabola  at  V,  which  (by  Prop. 
46,  B.  i.of  CWa)  is  parallel  to  the  Chord  ABi 
rfierefore  ;  MV^^-  x^G;  and  therefore  ^E= 
J  41.5  + J  MK  If  the  pofition  of  the  right  line 
AB  be  a  little  chang'd,  all  the  foregoing  things 
will  notwithftanding  be  nearly  true. 

pROPOSltlON  XIX.     "L^UU&i 

I  Fin  the  Pardela  BAP,  whefe  Fecw  it  S,  frons 
the  Chord  drawn  Ah  he  cut  off  the  Stgment 
AVB,  whofe  Vertex  iiV,  and  DiamtterWM  mett-' 
ing  Tvith  the  Chord  in  iti  middle  Point  M,  and  from 
M  ro  A  B  ^f  drawn  perpendicular  If  M I  meeting  at  I 
ifith  the  right  line  LV  parallel  to  A  B,  and  the  Pa- 
rallelcgrumVlM.'K.befill'dup;  as  the  Points  \  and 
M  ccjiie  together,  or  a-s  the  Segment  AVB  is  nafeeWt 
the  Dl-rgonal  IK  proditc'd,  falls  upon  S.  [Fig.  16.} 
For  (by  Prep.  17.  B.  i.  Elem. Conic.)  the  right 
line  L I  touches  the  Parabola  at  V,  whence  th^ 
Angle  SVL  is  equal  to  the  Angle  MVI:  But 
becaufe  the  Parallelogram  MKVI  is  reftan^- 
Jar,  the  Angle  if  JJ' is  equal  to  the  Angle  ^K/j 
and  therefore  the  Angle  KJV  is  equal  to  tha 
Angle  SVL,  therefore  (by  Prep,  28.  Eh  i.)  IK  ii 
parallel  to  Vs^  and  it  \%  always  fo ;  therefore 


■^lA 
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when  the  Points  land  V  come  together  ■  that 
is,  when  M  and  Vcome  together,  the  right  lino 
IK  produc'd  goes  thro'  the  Focus  S.    ^  £.  D. 

COROLLARY       [Fig.  17.] 

Hence  it  follows,  that  if  from  any  Point  C  of 

J  the  Parabola,  near  the  Vertex  of  the  Segment 

I  ACB,  he  drawn  the  right  line  C  I  parallel  to  the 

I  Chord  A  B  meeting  with  the  right  line  MI  at  I, 

:  ilnd  Siht  drawn,  which  cuts  the  Chord  in  K, 

'    and  the  Parallelogram  I  M  K  Vh&  fill'd  up  ;  the 

Point  f^will  be  nearly  the  Vertex  of  the  Seg- 

itient,  if  the  diftance  of  the  Focus  be  immenity 

greater  than  either  of  the  right  lines  CI,  IM,  or 

=    MK.     For  it  is  well  known  to  GeortietriCians, 

-r  that  the  Immehfity  of  the  right  line  SK;  in  re-- 

l^peft  of  the  right  lines  CI,  IM,  MK,  brings  the 

Htnatter  to  the  fame  as  if  we  make  the  Segment 

^  ifAB  to  vanifli  ;  in  which  cafe  the  Propofition  is 

plain  from  what  has  been  already  faid. 

,*  Proposition    XX. 

E*=*T  ETk  B  be  any  ParahU  ■whofe  Focus  isS;  AVB 
^■JLi  ^^J  Afi:  of  the  Parabola,  ivhofs  Chord  «  A  B 
X  T;And  i>ertex  V  and  Diameter  MV  ;  let  the  right  line 
-  -  S  V  te  drawn  andfroduc'd  at  L  and  R,fo  that  VL 
may  be  the  third  fart  of  M  V,  and  S  R  «  third  prs- 
-t  ^OTtional  to  SV  J  Sh ;  if  a  Comet,  at  the  fame  tirr)e 
t^^at  it  defcribes  the  Parabolic  Arc  AVB  about  the 
^^un  S,p3oudgof<fr'u/ard  equably  with  the  fame  tielo- 
^K/^  which  it  bai  at  a  dtfiancefrom  the  Sun  equal  to 
^  R,  it  woti'd  defcribe  a  Line  equal  'to  the  Chord  AB. 
:-CFig.i8.] 

.  Let  the  right  line  5  V  meet  with  the  Chord 
7-j*  B  at  Z:  now  fince  the  Angles  FVM,  G  rZ, 
i^re  equal,  therefore  alfo  their  alternate  Angles 
f^«ithe  two  Pardlleh^ B,GF,  namely,  ZM^, 
tm  Ttt  MZr^ 
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MZV  will  be  equal,  and  the  right  lines  VZ^ 
VM  are  equal.  Moreover,  (by  Carol.  ^ .  Ptm. 
41.  B.  i)  if  a  Comet:  defcribing  the  Parabou 
pyiB,  at  the  fame  time  that  it  defcribes  the 
Arc  AVBf  fcoa'd  go  on  with  the  velocity  that 
it  has  in  F  equably  in  theTangent  rr,  the  Arc, 
which  it  wou'd  defcribe  by  a  Radius  drawn  to 
the  Sun,  wou'd  be  equal  to  the  Parabolic  Area 
AFBSA:  And  as  ST  is  indin'd  to  the  Tan- 
gent ff  in  the  fame  angle  that  SZ  Itinclia'd 

-to  AB^  the  fpace  contain'd  in  length  by  tht 
Tangent  defcrib'd  ('as  has  been  faid)  and  5;* 
wou  d  be  to  the  fpace  contain'd  under  the  right 
line  A  B  and  S  Z  a*  the  Parabolic  Area  M^SA 
to  the  Triangle  ASB  ^  that  is,  as  the  Triangle 

.  .W  S  B  +  the  Parabolical  Segment  A'y  B  to  the 
Triangle  ^5  fi ;  that  is,  as  die  Triangle  ^5S+f 
of  the  Parallelogram  AG F B  to  the  Triangle 
ASBit\\»tii^ZiABV.VZS-^AByi.\Mi'to^'Sx^ZS\ 

■  that  is  ('by  applying  it  to  AB)  at  \ZS-^^j\0 
to  ^ZS,  or  as  ZS  +  \Mr  to  ZS.  Bat  ^Lb 
made  equal  to  jMF;  and  it  has  before  been 
flicwnthat  2  r  is  equal  to  MF;  therefore  21 
is  equal  to  ijWK  And  therefore  the  fpace 
contain'd  in  length  by  the  Tangent  defcrib'd, 
and  S  V  wou'd  be  to  the  fpace  ci  ntain'd  by 
^Sand  2  5,  as  SZJrZL  to  SZ;  that  is,  ££ 
to  SZ.  And  by  applying  the  antecedents  of 
this  Analogy  to  SV^  and  the  conltqucnts  to 
S  Z,  the  length  in  the  Tangent  defcrib'd  *ril| 

be  to  the  Chord  AB,  as^^toff  or  Unityf 

that  is  as  $L  to  ST.  Moreover  (by  7rof,  i  f .)  thf 
Telocity  of  a  Comet  defcribing  a  Parabola,  \& 
the  height  or  diftance  from  the  Sun  SV^  V.  **' 
the  Telocity  of  it  in  the  height  or  altitude  i 
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in  a  fubdupUcate  Ratio  of  SRto  sP"',  that  ft, 
as  5  L  to  S  r :  And  the  Lengths  gone  thro*  ui 
the  fame  time  by  moving  Bodies  carried  equa* 
[  biy,  are  as  the  Velocities  j  therefore  the  length  irt 
I  the  defcribed  Tangent  is  to  the  length  defcrib'd 
F  in  an  equal  Time  (namely  the  time  !n  which 
the  Comet  goes  thro'  the  Parabolic  arc  AVSy 
by  the  Comet  equalby  carried,  with  the  velo- 
city that  it  has  in  the  altitude  SRt  ai  SL  to 
.S  I/'.    Since  therefore  the  faid  length  defcrib'd 
along  the  Tangent  has  the  fame  Ratio^  (namely 
that  of  5  2.  to  S  fO  to  the  Chord  ^  B  as  it  has 
to  the  length  which  the  Comet  woU'd  go  thro* 
I  lnoving  with  the  velocity  that  it  has  at  the  aU 
f  titude  SR,  during  a  Time  equal  to  that  in 
I  which  the  fame  Comet  defcribes  the  arc  A  VB^ 
t  thefe  lengths  •will  be  equal  to  one  another^ 
I  namely  t&  Chord  A  B,  and  the  length  gona 
Ithro'  by  a  Comet  with  the  fame  velocity  that  it 
■  lias  at  the  altitude  SR,  and  in  the  fame  time 
|fhat  the  fame  Comet  defcribes  the  arc  AfB. 
^  E.  D. 

COROLt  Akt 

If  S  ^  be  very  great  in  refpeft  of  f^I,  ths 
three  Geometrical  Proportion^!  SVjSL  and  SR^ 
will  be  alfo  nearly  Arithmetically  Proportional  J 
that  is,  LR  will  be  equal  to  VU  or  to  the  third 
part  of  MV'^  therefore  VR  will  be  nearly  e- 
qual  to  half  MV.  And  therefore  equably  raov'd 
with  the  velocity  that  it  has  in  an  altitude  or 
diftanee  from  the  Sun  equal  to  SV+^MV,ztx& 
in  the  fame  Time  that  it  wou'd  defcribe  the 
Parabolic  arc  AVB,  Wou'd  go  thro' a  length 
'jnual  to  A  B,  the  Chord  of  the  laid  are. 


1 
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Proposition  XXI. 

IN  thtfamt  figure  at  before  [  i;;z„Fig.  iS.J  ^ 
d  Comit  from  reft  Jtiou'd  he  let  fall  from  tbt 
Height  L3  toward  the  Sun  S,  attd  afitm^nnl  fiisuJ 
he  urgd  by  the  centripetal  Force  which  it  hai  at  L 
neither  encrtas'd  nor  aimtni^i'd ;  fuck  a  Comec  in  half 
the  Ttmt  that  It  woit'd  dffcribe  the  Parabo/ic  Are 
A  V  B>  weud  defccnd  along  a  right  line  etptal  to  half 
the  length  of  the  right  line  M  V. 

By  the  foregoing  Propofirion  in  the  Time 
that  the  Comec  defcribes  the  Parabolic  arc 
A  VB,  if  it  ftiou'd  move  equably  with  the  velo- 
city that  it  has  in  the  Parabola,  at  an  altitude  er 
diftance  from  the  Sun  equal  to  5  R,  ic  wou'd  de- 
fcribe  a  length  equal  to  the  Chord  AB:  But 
the  velocity  of  a  Comet  in  a  Parobola  at  the 
altitude  5  R  (by  Vrof.  1 6.)  is  to  tha  velocity  of 
a  Body  going  round  in  a  Circle  3E  rhe  fame  di- 
ftance  from  the  Sun,  in  the  circumference  of 
which  Circle  ic  is  retain'd  by  the  force  of  its 
Gravity,  in  a  fubduphcate  ratio  of  Two  to 
One ;  therefore  the  arc  which  a  Body  carried 
in  a  Circle  whofe  Semidiameter  is  S  R,  goes 
thro*  in  the  time  t  hat  a  Comet  defcribes  the 
Parabolic  arc  A  VB,  iszo  AB  the  Chord  of  a 
Parabolic  arc,  as  1  to  v'2,  and  therefore  equal 

fo  -  •  but  (by  Corol.  i.  Prop.  2f.  B.  1.)  any  Bo- 

dy  let  fall  from  reft  towards  the  Sun,  the  fame 
centripeiLil  Force  always  acting  (as  is  here  fup- 
pos'd)  in  half  the  time  that  it  goes  thro'  the 
arc  of  a  Circle  defcrib'd  with  the  diftance  from 
the  Sun  whence  ic  bad  fallen  as  a  Radius,  it 
falls  thro'  a  fpace  equal  to  the  Sqaare  ct 
half  the  faid  circular  arc,  (that  is  to  the  fguare 
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1  of  half    ~r'  applied  to  the  Diameter  of  the 

■iliccle  or  zSRi  that  is,   to  the  Square  of  ^ 

applied    to  2SR   or  -^.      Therefore   the 

fpace  thro*  which  the  Body  let  fall  from  reft 
from  the  Height  R  S  goes  thro'  in  its  fall,  in 
half  the   time  that  a  Comet  will  defcribe  the 

Parabolic  arc  A  VB,  is  equal  to  ^^^  But  (by 

Frop.  42.  B.  I.)  the  centripetal  Force,  or  the  ac- 
celerating Gravity  towards  the  Sun  at  the  di- 
ftance  Si  is  to  the  accelerating  Gravity  to- 
wards itat  the  diftance  SR  as  SR'i  toSLi^ 
that  is,  by  reafon  of  the  Proportionals  SR,  SI., 
SV,  as  5  R  to  S  V:  and  therefore  (ince  a  Comet 
depriv'd  of  all  motion  and  let  fall  from  R,  in 
half  the  time  that  it  wou'd  defcribe  theParabolic 
arc  AVB  falls  toward  the  Sun  tho'a  fpace  equal  to 

~Tv  i  it  will  in  the  fame  Time,  being  after  the 

fame  manner  let  fall  from  L  towards  the  Sun,  go 

thro' a  fpace  which  is  to  — —  as  Sit  to  5 K; 

that  is,  a  fpace  equal  to  — — -.    Moreover  from 

the  nature  of  a  Parabola,  4  SV'a  the  Latus  reff~ 

urn  of  the  Diameter  VM ;  that  is,  the  ReiSangle 

tcontain'd  under  45Kand  VM  is  equal  to  the 

f  Square  of  A  M^  therefore  — — ■  is  equal  to  the 

,  tight  line  Vm  :  Therefore  a  Comet  depriv'd 
of  all^otion  and  let  fall  from  the  Height  LS 
T 1 1  3  towards 


I 
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tpwards  the  Sun  S,  if  it  be  urg'd  by  an  accelera- 
ting Force  or  uniform  Gravity  equal  to  chac  by 
which  it  was  urg'd  at  the  faid  altitude  S  t,  ia 
lialf  the  time  that  it  wou'd  defcribe  the  Parabo- 
lic arc  J  ys,  will  fall  along  a  Right  line  equa^ 
?o  the  Right  line  VM,    ^  E.  D, 

Proposition  XXII.    LsKAf  a* 

IFfifom  tht  Point  S»  which  U  the  Focut  of  the  P*; 
rehola  AV  B,  and  th(  centtr  of  the  Cirtle  Ttt, 
be  drawn  tht  efual  right  lines  SV  and  S  C  and  then 
ht  alfo  dravm  the  right  lives  A  h,  t'*.  Chords  d 
the  arcs  whofe  Vertices  are  V  find  t,  cutting  the  right 
li»ts  S  V,  St.  in  the  VoiMs  D  tmd  N,  fo  that  VD 
aad  t  N  mty  he  t^uffJ  ond  very  fmaB  in  rtf^eS  of  tht 
right  lines  bV  md  St]  the  Chord  A  B  wiB  he  te 
the  Diameter  of  the  f^uare,  whefe  fide  is  tbi  CherA 
iTjia  a  fuhduplicaie  ratio  of  the  right  lint  S  t  tt 
tht  right  line  SD.    [Fig.  19.] 

Thro'  Y  draw  VM  parall?!  to  the  axis  of  the 
Parabola,  meeting  wich  the  Chord  at  My  and 
which  f  by  Prop.  46.  B.  I.  Conic.)  will  be  the  Di- 
ameter 01  the  Segment  AVB,  whofe  Parame- 
ter is  (he  quadruple  of  the  right  line  SV-^  there^ 
fore  ^/W=*45r)(rA/.Andas(by  Praf.jf.E/.}.) 
J'Nq=5fS+5M£rN',equal  toiS/stf-N^becaufe  S/sa 
SNi  then  AM*:  ^V-aVM:\  TJ^s  ;  25»(/J^,there- 
fore  (by  taking  the  quadruples  of  the  antecedents 
and  by  tranfpofitionJtheAnalogywiUbethisyii^: 
Ti" : ;  ^sy%FM:  iSmN,  But  (by  what  has  been 
fhewn  in  the  demoriftration  of  Prop.  20.)  VMoi 
VDf  and  by  fuppofirion  VD=tNi  therefore  by 
applying  the  third  Term  of  the  foregoing  Ana- 
lofjy  to  VM  and  the  fourth  to  /  N,  AB'i :  TV' :: 
45^^;  2 St ;  that  is,  (by  reafon  that  5 fand  5r  are 
equal  by  fuppofition)  Am-.Tr'i-.-.iSt :  SV-y  diaf 
isj  as  zST  10  SVot  SDi  and  by  doubling  the 
Conft- 
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Confcquents,  AB'':f)cTr'*i%iSt:xS D ;  that 
t  as  DS  to  St:  Therefore  ^B  is  to  v'ixTt  in 
h  liibduplicate  Ratio  of  St  to  SD.    ^  E.  D- 

■  Proposition  XXIII.  Lemma. 

IF  about  the  Focus  S  he  drawn  f.ny  two  7arabo[a'sy 
ACB,  £GB,  in  which  the  Cbordi  A  B  <ini 
E  F  being  Jrawriy  tut  off  Stgmtnti  whofe  vertices  are 
C  and  Gj  in  fuch  manner  that  the  ri£hc  lines  S  C  and 
S  G  cutting  the  forefaid  Chords  in  D  and  H,  C  D 
it  iijual  10  G  H  ;  I  fay  that  A  B  is  tohF  in  a 
fubduflicate  Ratio  of  the  right  line  S  C  M  tie  right 
iine  S  G.     [fig.  i».] 

Thro*  C  draw  c  M  the  Diameter  of  the  Seg- 
ment ACB,  and  thro'  G  the  right  line  G  K,  the 
Diameter  of  the  Segment  VG  F,  meeting  with 
the  refpeAive  Chords  at  M  and  K.  The  Para- 
meter of  thole  Diameters  ar<i  equal  to  the  qua- 
druples of  SCf  S  G,  flicwn  as  before  ;  and  (by 
Pre;-.  49.  ai.  Cwi;>.)v4AiiwilIbe=45CxCD 
and  EK*i  =  45GkGH:  Whence  AM'is^  is 
to  £Kq  as4SCxC£>  to  4SG1CGH,  that  is, 
(by  reafon  of  the  eqaality  of  C  O  and  G  H)  as 
as  5 C  to  S G  J  and  therefore  AM  is  to  £  K  in 
a  fubduplicate  Ratio  of  S  C  to  5  G.  Whence 
AS  fthe  double  of  y4  ^J  into  EF/the  double 
of  EK)\m  fubduplicate  Ratio  of  SC  to  5G. 
PBOPOSITIQN    XXIV. 

TO  defcrihe  a  Parabola  about  a  given  Fucusy  in 
fuch  manner  that  it  may  pafs  thro'  tme  given 
■■joints.     [Fig.  21.] 

Let  S  be  the  given  Focus,  and  AB,  the  two 
given  Points  thro'  which  the  Parabola  muft  pafs: 
■with  the  Centers/T  and  B,  and  the  diftances  W  S 
(ind  BS  draw  two  CircleSj  and  (by  the  Con- 
^ru^ion  of  the  118'i'Pro^.  ofthe7'^h  Booi^  of 
'fafjm'i  Mathmat.  Colleii.)  draw  the  the  risht 
T 1 1  4  line 


IS)  ■ 
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[Mne  CP  touching  each  of  them,  on  which 
[  from  the  Point  S  let  fallche  perpendicular  sB^ 
'  which  muft  be  Hfeaed  at  V.  With  the  Verteii 
r,  and  the  Aus  ^S  X,  and  a  Laius  reBum  equal 
to  che  quadruple  of  the  right  line  Vs  (by  Pref.  > 
^z.  Hi.  Conic.)  draw  a  Parabola,  and  it  will  be 
the  Parabola  requir'd. 

That  S  is  the  Axis  of  the  defcrib'dParaboIa  is 
plain  from  this,  thac  in  the  Axis  of  the  Parabola 
|t  is  diftant  from  iheVercex  of  it  the  fourth  pan 
of  the  Laiuj  reiium,  which  is  ihe  moft  known 
property  of  the  Focus  of  a  Parabola.  And  that 
ic  goes  thro'  the  points  A  and  B  is  proT'd  thus : 
The  Axis  VX  of  the  Parabola  is  produc'd  be- 
yond the  Vertex  to  E,  fo  that  l''E  may  bee- 
qual  to  VS,  the  diftLjnce  of  the  Focus  from  the 
Vertex ;  and  thro'  £  ttie  Right  line  C  £  Z>  is 
drawn  perpendicular  to  the  Axis  of  the  Parbola, 
and  the  point  A  is  fuch,  that  A  S  its  dittancz 
frcin  the  Focus,  is  equal  to  AC,  which  ("by 
Trap.  1 8.  El.  }.j  is  a  perpendicular  drawn  from 
A  to  the  right  line  C  D :  Whence  ( by  Corel,  z. 
Trop.  14.  J  the  before  defcrib'd  ParaboJa  goK 
thro'  A,  and  for  the  fame  reaibns  it  alfo  goes 
thro' 5.     ^E.F. 

■  This  Problem  might  have  been  look'd  upon 
as  folv'd  by  the  26'ii  Propofirion  of  the  Third 
Kook,  as  was  there  obferv'd  ;  but  by  reafon  of 
its  great  ufe  we  have  put  ic  in  this  place.  Two 
Points  gi\^en  in  a  Parabola  do  the  fame  here  as 
three  Points  givtn  there  in  an  Elliplis,  because 
the  Ratio  given  in  every  Parabola  between  the 
L  tut  retJum'and  tht  L.i(us  iratifi/erfum  ii  eqm^a.- 
Itnt  to  one  Pcint.  '  It  is  not  necelTary  to  make 
ufe  of  a  Trigonometrical  Calculation  to  deter- 
inine  the  Parabola's  Vertex,  Parameter,  dfc.  for 
they  will  be  eailly  found  by  the  latter  part  *;£ 
the  z6'^  Propoficiou  of  che  3^  Book: 

Pkq- 


lotV.     of  AST  %  on^-n  T.'    fSi 


PROPOSITION  XXV, 

F  Rom  fame  Places  of  a  Comet  ohferv'J,  to  fnJ  its 
Place  for  any  intermediate  Time  gi'vtn  j  and  to 
deterrnine  the  Time  in  -which  it pmll  he  in  eny  inter- 
mediate Place.      [Fig.  2Z.] 

Let  the  line  Y  1 2 ;  be  the  Way  of  a  Comet, 
and  the  obferv'd  Places  i,  2,3,4,^,6,7,  in  fuch 
manner  that  an  equal  fpace  of  Time  may  be 
fpent  between  the  momencs  that  a  Comet  was 
obferv'd  in  the  Points  1  and  2,  and  that  during 
which  it  niov'd  from  2  to  j,or  from  3  to  4,  or 
from  4  to  y,  and  fo  on.  Let  fuch  a  Time  be 
calVd  7:  Let  the  firft  differences  of  thofe  Pla- 
ces from  the  fix'd  Po\m  Y,  -viz.  Yi,  Y2,  Y  ;> 
,Y4,  Yf,  &c,  be  taken  (as  is  ufual  with  Aftro- 
nomers)  that  is,  the  arcs  12,  2;,  54>4f)  '^'^■ 
which  we  (iall  call  AjBfi,D,E^F:  Again,  take 
their  fecond  Differences,  or  the  Differences  of 
the  firfl  Differences,  namely,  G,H,X,L,Af  ;and 
then  the  Differences  of  thofe  fecond  Differen- 
ces, or  of  the  Arcs  Y  r,  Y  2,  Y  3,  t^c.  the  third 
Differences  P,.^R,5}  and  fo  on,  till  we  come 
to  Differences  equal  to  Nothing,  namely  the 
differences  of  equal  Differences  immediately 
preceeding.  Every  one  of  the  equal  Times 
fpent  in  going  thro'  the  Arcs  J^B,C,  &c. 
(namely  T)  muft  be  fuppos'd  divided  into  any 
number  of  equal  parts,  (the  more  of  them  the 
more  accurate  the  thing  will  be)  and  let  an 
Arc  gone  thro'  by  a  Comet  in  any  Time  T  be 
divided  into  as  many  parts  as  T"  is  divided,  in 
fuch  manner  that  the  Differences  of  thofe  parts 
reckon'd  from  Y  fimilar  to  the  Differences  of 
Yi,Y2,Y3,Y4,  d^-c.  may  be  equal  to  nothing^ 
them,  being  encreas'd  or  diminiih'd,  go 
le  fame  order  towards  the.  fame  pares, 
and 
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and  fo  one  of  them  being  in  the  middle,  may 
be  contain'd  as  often  in  the  whole  Arc  as  the 
Time  which  belongs  to  k  here  is  contain'd  in 
the  whole  Time,  which  will  [be  eafy  for  any- 
one that  underftandsAftronomical  Calculations  j 
As  for  Exampltj  if  the  third  Differences  of  tho 
given  Arcs  Yi,  Vi,  V;,  V4,  &c.  are  found 
to  be  equal  to  nothing ;  then  from  V  to  the 
Divifions  of  A,  E,  C,  &c.  of  the  computed  Arcs, 
the  third  Differences  be  alfo  equal  to  nothing  j 
if  in  the  other  cafe  only,  the  fourth  Differences 
are  equal  to  nothing ;  here  the  fourth  Di^ 
rences  will  alfb  vanifh,  and  fo  of  the  reft  j  and 
the  points  of  divifion  of  the  Arcs  will  be  the 
places  of  a  Comet  analogous  to  the  moments  of 
Time :  But  the  intermediate  Arcs  may  fafely  be 
reckon'd  to  be  gone  thro"  equably  by  a  Comet. 
For  thus  it  will  happen,  that  every  Are  12, 
2i>  34.  or  4f,  will  be  gone  thro'  by  the  Comet 
mov'd  after  the  fame  Law  that  It  moves  rfiro'  the 
whole  Arc  17  :  For  from  the  conftrudion  every 
one  of  the  fore&id  Arcs,and  every  part  of  theiq 
containing  as  many  parts  as  the  Arc  17  con- 
tains of  the  parts  12,  2j,  ;4,  c^c.  is  divided  af- 
ter the  fame  manner  as  the  Arc  itfelf  in  the 
toints  2,  ;,4,y,  6;  and  as  the  Times  between 
the  moments,  at  which  a  Comet  comes  to  thofa 
Points,  are  equal,  as  alfo  thofe  in  which  the 
>Arcs  12,*;,  ;4,  4y,  €:^f.  are  defcrib'dj  it  is 
plain  that  a  Comet  will  come  to  the  found 
Points  in  Times  agreeable  to  the  icnown  Times, 
becaufe  a  Comet  is  mov'd  after  the  fame  tenour 
when  it  defcribes  any  of  thofe  Arcs,  as  it  wa$ 
mov'd  when  it  defcribed  the  preceeding  or  fol- 
lowing Arcs,  which  plainly  happens  in  every 
natural  motion.  But  the  moments  of  Time  be- 
ing known,  that  a  Cony;t  comes  to  known 
Peini^ 
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Points,  and  it  being  befides  fuppos'd  that  a  Co- 
met goes  equably  thro'  the  lude  intermediate 
Arcs,  which  may  fafely  be  allow'd  ii  chefe  Arcs 
('namely  the  parts  of  the  Arcs  12,  2j,  54,  45-, 
<^c.)  be  fmall  enough,  that  is,  if  T'be  fuppos'd 
divided  into  a  number  of  parts  great  enough ; 
any  intermediate  Time  being  given  between 
the  moments  that  a  Comet  was  at  the  Points 
I  and  7»  the  Place  which  the  Comet  is  in  will 
te  Itnown :  And  on  the  other  band  the  Time 
will  be  known  when  the  Comet  comes  to  a  gi- 
ven Place  between  1  and  7. 

SCHOLIUM. 
Aflrcnomers  commonly  make  the  forefaid 
Time  T  a  natural  Day.  But  if  a  Comet  cannot 
be  exadly  obferv'd  after  24  Hours  are  pafs'd, 
they  reduce  the  place  that  it  is  obferved  to  be 
in  one  or  two  Hours  before  or  after  to  the  end 
pf  the  natural  Day,  fuppofing  the  motion  made 
in  the  mean  time  to  be  equable,  which  in  fo 
fmall  a  Time  can  caufe  no  fenfible  Error.  In  this 
praAife  they  divide  the  natural  Day,  or  the 
Time  expreh'd  by  T  in  the  Propolicion,  into 
four  parts,or  parts  of  fix  Hours,  which  they  fup- 
pofe  enough,  unlefs  the  motion  of  the  Comet 
be  very  much  accelerated  or  retarded,  and  they 
wou'd  proceed  very  exaiftly  ;  in  which  cafe  they 
divide  that  Time,  (at  leaft  thofe  Hx  Hours  in 
which  the  given  Time  is  found,  for  which  the 
Comet's  Place  is  requir'd)  into  Hours,  and  at 
laft  very  fafely  fuppofe  that  the  motion  of  a  Co> 
met  during  one  Hour  is  equable. 

It  often  happens  that  in  (he  mofl  exatfl  ob- 
fervations  of  a  Comet,  the  third  Differences  of 
the  Places  reckon'd  from  a  fix'd  beginning, 
wtuch  ace  deoocei  in   the  faid   Fi£.  24,  by 
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P,  ^,  R,  S,  are  equal  to  nothing,  or  that  their 
fecond  Differences  G,H,K,L,M,  that  is,  (he 
firft  differences  of  ch<?  Arcs,  -^,fi,C,D,E,F,  are 
equal  to  each  other :  Therefore  Aftronotners 
divide  the  Arc  which  a  Comet  goes  thro  in  24 
Hours,  into  24  parts,  fuch  that  the  Arc  which 
belongs  to  the  12'''  Hour  fliall  be  the  24'i>  part 
of  the  Arc  which  the  Comet  is  obferv'd  to  go 
thro*  in  the  fpace  of  a  natural  Day  ;  or  rather 
Cfince  this  arc  is  not  precilely  in  the  middle,  but 
together  with  the  arc  of  the  following  Hour 
takes  up  the  middle  place)  the  divifion  is  niade 
in  fuch  manner  that  the  two  arcs  belonging  to 
thofe  two  Hours  taken  together,  fhall  make  a 
twelfth  part  of  the  arc  defcribed  in  the  fpace 
of  a  natural  Day,  and  fo  that  the  firft  differen- 
ces of  thofe  parts  (halt  alfo  be  equal  to  each  o> 
ther,  or  there  fhall  be  no  fecond  Differences  j 
and  at  Lift  the  greater  parts  fhall  be  on  the  lame 
fide  in  rtfpeift  of  the  leffer,  as  they  are  in  the 
arcs  /i,B,C,DjE,F,  and  ro  every  Hour  they  give 
tone  of  thofe  parts  in  the  fame  order.  For  h 
Will  by  that  means  happen,  that  a  Comet  being 
after  the  fame  tenour  fimilariy  accelerated  or 
retarded,  Ihall  defcribe  any  arc  in  the  fpace  of 
6ne  Day,  as  it  defcrib'd  the  arc  i  j  in  the  fpace 
of  four  Days :  For  there  is  only  need  of  the  Ob- 
fervations  of  four  Days  near  one  another  to 
-Itnow  whether  the  Differences  of  the  arcs,  i*, 
2;,  54,  4:^,  are  equal  to  teach  other.  And  iftKe 
propos'd  Time  falls  between  four  other  Days^ 
•they  again  inveftigate  what  Differences  become 
equal ;  and  fo  go  on  as  before. 

This  Method  is  not  only  made  ufe  of  to  de- 
termine the  place  of  a  Comet  in  its  apparent 
Way  for  an  intermediate  Time,  but  alfo  ('if 
you  divide  the  motion  of  tl^e  Cpme^  inwthtt 

of 


BookV.  of  Astro  NOMv."       7^5 

of  Longitude  and  that  of  Latitude,  Right  Afcen- 
fion  and  Declination,  as  is  ufual,  or  any  way 
elfej  that  from  fome  of  its  Places  obferv'd  ac- 
cording to  any  of  thefe  Circuraftances,  its  Place 
may  be  found  according  to  the  fame  for  an  in- 
termediate Time  given :  For  here  it  is  only 
fuppos'd  that  the  Comet's  motion,  confider'd 
according  to  any  Diredion,  goes  on  after  the 
fame  tenour  for  any  one  fmgle  Day,  as  it  does 
for  feveral  Days  before  and  after  it. 

This  way  of  proceeding  by  Differences  is  ve- 
ry ufeful  alfo  in  many  other  things,  (as  for  Ex- 
flfwp/e,  for  calculating  Tables  to  fmaller  Divifi- 
ons)  which  have  been  treated  of  at  large  by  the 
Reverend  Father  Gu^ne;  Mouton  oi  Lyons,  who 
teaehes  the  manner  of  working  by  thefe  Diffe- 
rences in  his  Book  of  Ohfer'vaiions  of  the  apparent 
Diameters  of  the  San  and  Moofj. 

Proposition  XXVL 

TO  Jetermine  by  Obfer'vatlon  the  TrajeBoYy  cf » 
Comet  movi»g  in  a  Varahola.  [Fig.  25.] 
Let  S  denote  the  Sun,  Tn  the  Orbit  of  the 
Earth  ■■  Choofe  three  Obfervations,  diftant  from 
one  another  almoft  equal  intervals  of  time,  yet 
fo  that  the  Time  may  be  greater  where  che  Co- 
met moves  the  tloweft,.-  Let  the  Points  7",  t  and  t 
be  Places  of  the  Earth  for  the  faid  Times ;  that 
is,  Ta  Place  of  the  Earth  at  the  firft  Oblerva- 
tion,  t  is  Place  at  the  fecond  Obfervation,  and 
T  at  the  third.  If  fuch  Obfervarions  arc  not 
given,  the  Place  of  the  Comet  is  {hy  Prop.  25'.) 
to  be  found  for  One  Time  in  thofe  circumftan- 
ces  in  refpe<5t  of  Two  other  Times  at  which  the 
Places  agreeable  are  obfcrv'd.  Joyn  Tt,  and 
from  r  let  r  N  fall  perpendicular  to  it ;  Let  the 
right  lines  T^,  ?C,tB^  be  three  obferv'dLon- 
gitmies 
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gitudes ;  therefore  thefe  three  right  lines  are 
given  in  poficion.  In  that  of  them  tC  which  is 
in  the  middle,  take  any  whete  the  Point  C  fo^ 
the  mark  of  a  Comet's  Track  on  the  Plane  of 
the  F.clipcic ;  From  C  to  the  Plane  of  theE- 
cliptjc  draw  perpendicularly  the  Right  line 
C  y  equal  to  the  Tangent  of  the  known  Lad- 
(ude  of  the  Comet  in  the  fecond  Obfcnration, 
*  C  being  fiippos'd  the  Radius : /oyn  >S,  CS, 
In  the  laft  of  which  towards  S  take  CD\t\ fuch 
manner  that  it  may  "be  to  the  known  (  N  Cwhich 
is  the  vers'd  Sine  of  the  known  arc  Tt)  asa  So- 
lid, whofe  Bafe  is  the  Square  of  .91  and  Altimde 
a  Right  line  S  C,  to  the  Cube  of  the  Right  line 
Sy  :  Thro'  the  Point  D  draw  (by  Pnp.  8.)  the 
Right  line  JDB  meeting  with  7*^,  t  B  at  A 
and  B,  fo  that  A  D  may  be  to  D  B  as  the  Timtt 
between  the  firft  and  fecond  Obfervation  is  to 
the  Time  between  the  fecond  and  third;  and 
A  andB  will  be  nearly  the  Mark  of  the  Comet's 
Way  on  the  Plane  of  the  Ecliptic  in  the  firft 
and  third  Obfervation,  iffo  be  that  the  Point  C 
rightly  taken  be  its  Place  in  the  fecond  Obfer- 
vation. Becaufe  by  fuppoiltion  C  is  the  Mark 
of  the  Comet  in  the  Plane  of  the  Ecliptic  in  thtf 
fecond  Obfervation,  and  Cy  the  Tangent  . 
the  Latitude  obferv'd  from  f  the  Radius  beii 
tC  ;  it  is  plain,  that  y  is  the  Comet's  place 
the  Mundane  fpace,  and  yS  the  diftance  ol 
Comer  from  the  Sun  in  the  fecond  Obfervatit 
Thro'  D  draw  Dl  parallel  to  Cj,,  which 
Tro{:  S.  El.  ii.)  is  perpendicular  to  the  Plane" 
the  Ecliptic,  and  is  found  in  the  Plane  of  iho 
Triangle  SCy  :  Let  it  meet  5  >  at  A  The  ra- 
tio of  the  Right  line  o/  ^  to  the  Right  line  /  N,  i» 
compounded  of  the  Ratio  of  3,  di  to  CI>  and  th« 
Ratio  of  G  Z>  to  tN:  But  (by  rrep.  2.  El.  6.)  >/ 
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is  to  CD  as  yS  to  CS^  and  CD  is  to  tN  as 

Sf^jiSC  to  the  Cube  of  the  Right  line  Sy; 
whence  >  ^  is  to  r  N  in  a  Ratio  compounded  or 
Sy  to  CS  and  the  Ratio  of  St^*SC  to  the  Cube 
of  the  Rij^t  line  5  y :  And  the  Ratio  com- 
pounded ofthefe  two,  ii  the  fame  with  the  Ra- 
tio oiSti  to  Syi ;  and  therefore  yj'  is  to  tN  as 
St''  to  Syi.    But  (by  CoroL  l.  Trof.  if.  B  i.)  j  N 
is  nearly  the  Space  thro'  which  the  Earth  be- 
ing let  fall  from  reft  wou'd  by  the  Force  of  its 
gravity  fall  towards  the  Sun  during  the  tima 
that  it  defcribes  half  the  Arc  TV,  if  it  was  every 
where  urg'd  with  the  fame  accelerating  Gravity 
uniformly  continu'd  which  afted  upon  it  in  the 
Place  /jbecaufe  t  Nis  nearly  equal  to  the  fquara 
of  the  arc  Tt  applied  toihe  Diameter  of  theAfj^- 
ttui  Orbis :  And  from  B.i.  the  accelerating  gravity 
towards  the  Sun  in  the  Place  t  is  to  the  accele- 
rating Gravity  towards  it  in  the  Place  y,  as  5y* 
to  S  f  ^,  namely  in  a  duplicate  reciprocal  Ratio 
of  the  Diftances  from  the  Sun,  and  the  Spacef 
which  are  gone  thro'  in  the  fame  time  by  cha 
adion  of  thofe  Forces,  in  defcent  towards  the 
Sun,  are  in  the  fame  R  atio  as  thefe  Forces ;  and 
therefore  the  Right  line  y  <Ms  the  fpace  thro' 
which  the  Comet  let  fall  from  reft  at  y  towards 
the  Sun  wou'd  fall,  in  half  the  time  that  the 
Earth  defcribes  the  arc  Tt,  if  it  was  every  way 
aifted  upon  by  thefame  acceleratingCravity  uni- 
formly continu'd  asit  is  urg'd  by  inthePIaceyj 
then  y  ^,  will  be  nearly  the  fpace  which  a  Co- 
met by  its  fall  towards  the  Sun  would  really  de- 
fcribe  in  half  the  time  that  the  Earth  defcribes 
thearcT'"  ofits  Orbit;  chat  is,  in  half  the  tiraa; 
that  a  Comet  defcribes  an  arc  of  its  Trajedlory 
intercepted  between  the  two  Longitudes  TA 
uid  r  Bf  and  thersf oce  the  Point  '^  is  in  the 
Chord 
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Chord  of  that  Arc.  And  therefore  if  as  well 
the  marks  oi  a.y0  the  arc  aforefaid  of  tlie  Tra- 
jedory,  intercepted  between  the  ends  of  the 
obferv'd  LengchsT"/^  and  rB,  as  the  marks  ofthe 
poin:  ,f  be  conceiv'd  in  a  Plane  by  letting  fall 
perpendicularstothePlane  ofthe  Ec!iptic,name- 
ly  yiCB  and  D  j  the  point  D  wou'd  be  in  the 
Chord  of  the  axcACB.  But  the  Chord  of  the  arc 
yiCB  is  fuch  (by  Corel,  z.  Prop.iS.)  ai  to  be  divi- 
ded by  5Calmofl:in  a  ratio  of  theTimesinwhich 
the  Comet  reduc'd  to  the  Ecliptic  defcribes  the 
arc  AC,C  B ;  and  by  conftruaion  the  right  line 
ji  D  B  is  divided  in  the  fame  ratio,  and  it  is  the 
only  Line  which  can  be  drawn  with  theft  con- 
ditions. Since  then  the  Chord  of  the  arc,  which 
ii  the  mark  of  part  of  a  Comet's  Trajeftory 
intercepted  between  the  ends  of  the  Lengths 
TAi  r  B,  muft  be  terminated  by  the  right  lines 
TAj  r  B,  and  go  thro'  D,  and  be  divided  ac  £> 
in  a  ratio  ofthe  two  Times  betwen  the  three 
Obfervations ;  and  fince  the  right  line  ADB 
has  all  thefe  three  Conditions,  andistheonly 
line  which  has  thefe  Properties  ;  it  is  plain  that 
the  right  line  ADB  ("drawn  as  before  menti- 
on'dj  is  the  Chord  of  the  faid  arc,  therefore  rha 
points  A  and  B  are  nearly  the  mark  of  the  Way 
of  a  Comet  in  the  Plane  of  the  Ecliptic  in  the 
firft  and  third  Obfervations,  if  C  be  its  trac 
mark  in  the  fecond  Obfervation. 

But  becaufe  the  point  C  is  not  taken  near  c- 
nough,  and  tho'  it  had  been  the  truePoint,  yet 
the  Points  A  and  B  deduc'd  from  it  are  not  ac-t 
curately  enough  detin'd  ;  we  muft  from  thefe, 
however  irregularly  determin'd,  correi^aM  ac 
iaft.  For  which  end,  in  Fig.  29.  (where  the 
fame  conftudion  is  fuppos'd  as  in  the  foregoing, 
leaving  out  only  fuch  things  as  were  necsffary 
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to  prove  the  things  above,  but  now  left  otit 
avoid  confufion  )  at  M  the  middle  point 
the  right  line  JB  raife  MI  perpendicular 
to  A  B,  which  the  right  line  C  /  will  meet 
with  in  li,  being  drawn  through  C  parallel 
to  BAi  draw  SI  cutting  AB  in  X,  and 
fill  up  the  Parallelogram  MIl/'K,  and  take 
M^  the  triple  of  MK:  Draw  ^5  afld  pro- 
duce it  to  E  till  ^E  be  equal  to  %^S  +  %lKi 
The  point  £  being  determin'd,  let  the  Signs  or 
tetters  AiMjy'ixnA.B,  be  fuppos'd  blotted  out  j 
let  CE  ht  joyn^d,  and  in  it  towards  E  take  the 
new  C  O  in  a  duplicate  Ratio  of  the  right  line 
SC  to  aright  line  equal  ro  SV-\-\IK,  and 
thro'  the  point  D  lately  found  { by  Vro^.  8.)  draw 
a  new  line  A  B  terminated  at  TA  and  tB,  in 
fuch  manner  that  AD  may  be  to  DB  as  tha 
Time  between  the  firft  and  fecond  Obl'ervatiorlj 
to  the  Time  between  the  fecond  and  third  Ob- 
fervation,  the  Polht  A  ahd  B  will  be  mote  ac- 
curately than  before  the  Marks  of  the  Comet  in 
the  Plane  of  the  Ecliptic  ac  the  firft  and  third 
Obfervation,  if  the  point  C  be  fo  rightly  takert 
as  to  be  its  Mark  in  the  lecond  Obfervationj 
.Let  us  imagine  from  every  point  of  the  Comet's 
■Trajeiftory  perpendiculars  to  be  let  fall  on  the 
~lane  of  the  Ecliptic,  or  (what  is  the  fame)  lee 
s  imagine  that  a  Cylindric  Surface  is  rais'd 
perpendicularly  upon  the  plane  of  the  Ecliptic, 
and  goes  thro'  the  Comet's  Trajeftory ;  by  the 
points  mark'd  on  the  Plane  of  the  Ecliptic  by 
the  aforefaid  perpendiculars  Will  be  drawn  ('or 
she  common  Sed;ion  of  the  faid  cylindric  Sur- 
jfece  with  the  plane  of  the  Ecliptic  will  be)  a 
parabolic  Curve  ACB^  whofe  Focus  is  S,  or  a 
Curve  very  little  different  from  a  Parabola : 
^he  Chord  of  that  Ate  ACB  comprehended 
\        ■  IJ  u  u.  (aa 
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(as  wc  have  before  fhewn)  between  the  right 
lines  T/l^  r  B,  is  nearly  the  before  drawn  ^  «, 
whofe  middle  Point  is  At,  And  as  in  the  faid 
arc  the  point  C  is  taken  not  far  from  the  Ver- 
tex of  the  Segment  ^CB,f  for,  for  thatreafon  the 
Times  of  thefe  Obfervations  are  taken  at  almtrfl 
cqu:tl  invervals  from  one  another,  yet  in  fuch 
manner  that  that  Time  may  be  fomething  great- 
er where  the  Comet  moves  flower)  and  a  right 
line  is  drawn-  parallel  to  B  ^  meeting  with  a 
perpendicular  drawn  from  Mto  AB  at  I,  and 
S  J  drawn  cutting  ^  fi  in  ^,  and  the  Paralle- 
logram JMKV  fill' d  up;  and  (ince  moreo- 
ver upon  account  of  the  immenfe  diftance  of 
the  Sun,  the  diftance  of  the  points  M  and  V 
vaniflies  in  comparifon  of  it,  that  Is  the  fiid 
Points  come  together  j  (by  Corol.  Prop.  19.)  Tis 
(he  Vertex  of  the  Segment  ACB.  If  Vshe 
drawn  cutting  the  Chord  at  T  (by  reafoa  of 
the  immenfe  diftance  of  the  point  J)  f^T  wi\l 
be  nearly  parallel  to  IK,  therefore  RT  equal 
to  iK,  and  therefore  to  MK  j  but  by  conftm- 
flion  M^'k  the  triple  of /W/C,  whence  it  is 
alfo  the  triple  of  K  T,  and  therefore  alfo  of  the 
remaining  T^;  for  which  reafon  C  by  CotdI.  2. 
Prop.  18.;  .^S  being  drawn  is  the  &me  as  ^S 
in  Prop.  iS.  and  its  CeroUariei,thRt  is,  in  ^5pro- 
diic'd  towards  S  you  find  the  point  E,  from 
Which  any  right  line  being  drawn  cutting  the 
Chord  ^B,  and  the  Arc  ACB,  cuts  the  Chord 
into  Segments  thac  have  to  one  another  the 
ratio  of  the  Times,  in  which  the  adjacent  arcs 
are  defcrib'd  by  a  Comet.  Moreover  by  con- 
ftrutaion  ^E  is  equal  tp  ;  .^5  4.  ;  m^  and  IK 
equal, to  ^^^fchey  being  the  Diameters  of  tbe 
fame  re^anguJarParallelogram  i  1  whence  ^S 
is  equal  to  ;^5  +  3  MF.  And  thecefore^y 
^BlHBld^Hi^H."  Corel*  J 
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)  the  poinc  E  above  deterttiin'd 
the  fame,  from  which  a  right  line  being 
drawn  any  how  divides  the  Chord  ^B  into 
Segments  having  the  fame  ratio  as  the  Times 
in  which  the  two  parts  of  the  Arc  AB  Jnark'd 
out  by  the  fame  right  h'ne  p  rodue'd  are  defcrib'd 
by  a  Comet,  which  before  we  had  falfly  (tho' 
hot  too  erroneoufly)  fuppos'd  of  the  Focus  S. 
Havbg  therefore,  to  avoid  confii/ion,  rubbed 
out  the  former  C  D  drawn  towards  S^  a  neW 
line  muft  be  drawn  towards  E,  which  is  to  the 
former  as  the  fquare  of  5C  to  the  fquare  of 
SF+\IK,  that  is,  (by  reafon  of  the  equal  lines 
JKandMV)  to  the  Square  of  5F+ ^iWf^i  and 
5  C  is  nearly  equal  to  5  f' :  Wherefore  the  neW 
C  D  is  to  the  former  C  D  as  the  fquare  of  5  f  td 
the  fquare  of  S  L,  fuppofing  yi  to  be  the  third 
i^art  of  Ml^  or  IK,  as  in  the  conftruflion  GiFropt 
lo,  and  Pro^.  II.  But  (by  Prep.  41.  B.  i.)  the 
accelerating  Gravity  towards  the  Sun  ill  thd 
t)lace  Lis  to  the  accelerating  Gravity  towards 
it  in  the  place  C  (or  V)  as  the  fquare  of  5  C  (ot 
S  V)  to  the  fquare  of  S  L :  And  as  the  accele- 
rating Gravities  towards  the  Sun  in  different  DU 
ftancesjfo  Att  (the  faid  Force  remaining)  the  Spa^ 
Ces  run  thro*  by  falling  during  the  fame  Tinid 
towards  the  Sun ;  and  therefore  the  new  C  D  ia 
to  the  former  C  D  as  the  fpace  gone  thro'  by 
falling  towards  the  Sun  ( the  fame  accelera- 
ting Force  ading  which  a<aed  at  the  place  L,) 
during  half  the  Time  that  the  Comet  defcribes 
♦he  Arc  intercepted  between  the  length  TA 
and  T  B,  Js  to  the  fpace  gohe  thro'  in  falling 
towards  the  Sun,  the  fame  accelerating  Gravi- 
'ty  ading  which  aded  at  C.  But  the  Confequents 
tof  this  Analogy  are  equal,  therefore  theAntece- 
detits  are  alfo  equal ;  that  isj  the  new  drawn  CD 
*  equal  to  a  fpace  gone  thro'  by  a  heavy  Body 
U  tt  U  a  falling 
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:  falling  towards  the  Sun  half  the  Time  thac  a 
.Comet  defcribes  ihc  Arc  AC  B  in  the  Ecliptic, 
by  the  a<ftion  of  ihe  fame  accelerating  Gravity, 
,  which  obtain'd  at  the  diftance  S  L  from  the  Sun 
-uniformly  continu'd.  But  C  by  Pro;).  21.  )  the 
fpace  thro'  which  a  Body  falls  towards  the  Siin, 
in  half  the  time  thac  a  Comet  defcribes  the  Arc 
AVB^  (for  now  we  confider  the  motion  of  a 
Comet  as  made  in  the  Plane  of  the  Ecliptic, 
looking  at  the  mark  of  a  Comet's  Trajectory  in 
the  Ecliptic  inftead  of  the  Trajedory  itfelf) 
when  it  is  urg'cl  by  the  fame  acceleratiug  Gra- 
vity towards  the  Sun  which  aifted  at  L  uni- 
formly continu'd,  is  equal  to  VY  the  Segment 
of  the  right  line  \^S,  intercepted  between  the 
Vertex  Kand  the  Chord  A  B  ;  therefore  near- 
ly equal  to  the  Segment  C  E  oi  C  D  intercept- 
ed between  the  Point  C  (near  to  ^^  and 
the  Cliord  A  B.  Whence  the  point  D  is  in  the 
Chord  A  B  much  more  accurately  than  before ; 
that  is,  the  chord  of  an  Arc,  which  in  the  plane 
of  the  Ecliptic,  is  the  mark  of  a  Comet's  Traje- 
tSory  intercepted  between  the  lengths  T'^andriS 
goes  nearly  thro'  the  point  D  determin'd  laft. 
Moreover  (hyPrsp.iS.) the forefaidChord  drawn 
thro"  D  muft  have  fuch  a  fituation  between  TJ 
and  7  B  that  A  D  may  be  to  Z>  5  as  the  Time 
in  which  a  Comet  defcribes  an  arc  of  the  Eclip- 
tic between  the  lengths  TA  and  t  C,  to  theXims 
in  which  it  defcribes  the  Arc  intercepted  be- 
tween f  C  and  7  B  :  But  ^  B  is  (by  Prop.  $,} 
drawn  in  fuch  manner  thro'  D  that  A D  hto 
DB  ia  that  fame  ratio,  namely  as  the  Time  be- 
tween the  firft  and  fecond  Obfervarion  is  to  the 
Time  between  the  fecond  and  third;  therefore 
AB  is  rightly  drawn  and  as  it  ought  to  be,  name- 
Jy  going  thro  Z>,  and  divided  at  D  as  Is  faid  b> 
\'.'..-i  ■(.-!!.-(.' t  (■--!<'■■  fore. 
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,  fore.  And  therefore,  if  the  point  C  is  rightly 
xaken  for  the  mark  of  the  Comet's  Place  at  the 
fecond  Oblcrvarion,  the  points  A  and  B  are 
'  nearly  the  marks  of  its  Place  at  the  firft  and  third 
'  Obf^rvations. 

Now  what  remains,  is  to  know  whether  the 
point  C  in  the  middle  of  the  Longitude  be  the 
mark  of  the  Comet  rightly  taken  ^  if  not,  the 
error  arifing  from  it  muft  be  correAed,  the  o- 
ther  things  hitherto  done  remaining  unalter'd. 
Maving  rubb'd  out  the  former  Parallelogram 
IMKV  made  on  the  former  lefs  accurate  Chord 
ABy  make  anotheron  the  laft  and  more  accurate 
Chord  A  B  with  the  fame  conftruiSion  as  before. 
From  A,M  and  B  draw  Aa,  Mt*  and  B S,  of 
which  let  ^tt  be  the  Tangent  of  the  known  La- 
titude in  the  firftObfervation  for  the  Radius  TAy 
and  B^  the  Tangent  oftheLatitude  at  the  third 
Obfervation  for  the  Radius  tB;  Draw  «;?,  with 
which  My.  meets  at  ^t.  If  cheTrapezium  AB  ^* 
be  erected  perpendicularly  to  the  plane  of  tlie 
Eclipticjthe  right  line  AB  remaining,  the  points 
«  and  a  (as  was  before  Ihewn)  are  the  places  of 
a  Comet  in  the  Mundane  Space,if  the  point  C  is 
its  Mark  in  the  Plane  of  the  Ecliptic  in  the  fe- 
cond  Obfervation,  and  the  Plane  going  thro'  ■ 

the  three  points  5, «  and  ^S,  be  the  Plane  of  the  H 

domet's  TraieAory  :  Therefore  the  righc  line  -^ 

ift/3  is  the  Chord  of  the  Arc  of  the  Parabolical 
■i'iTraieiaory  gone  thro'  by  the  Comet  between 
the  firft  and  third  Obfervation,and  St  SIS  are  re- 
ipeftively  the  diftancescfaCometfromrheSun  ■ 

It  the  firft  and  third  Obfervation,  that  is,the  true  ■ 

liftance  of  every  point  of  the  Comet's  Traje-  V 

£toTy  from  the  Sun,  is  the  Hypothenufe  of  the  ^ 

xeSangular  Triangle,  one  fide  of  which  is  the 
diftance  from  the  Sun  of  the  Mark  of  chat  point  _^m 

I  in  the  Plane  of  the  £cliptic,and  the  other  a  per-        '^H 
F  U  u  u.  )  pendiculac       ,  ^H 
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fl4      .^^„  from  that  poinc  on  the  Plan*  ^ 
peoii'^^iptic  to  the  point  wfcich  terminate^ 
of^'^t^ory-    J^s  fome  oftliofe  perpendicu- 
f^  !^  ia^i  ^  S  s,  and  fome  Ihorter,  as 
^  fate « niifJ'lle  one  between  thofe,  as  for 
Examtk,  ^*  y  ^"^"^  commonly  fpeaking,  the 
^(•/jan^tfofany  point  of  the  Comet's  Trajecaory 
iiprtirncSun,  will  be  nearly  the  the  Hypoche- 
I  no/c  of  a  reftangular  Triangle,   one  fide  of 
'  w/)ich  is  the  dtftance  of  the  analogous  point 
ieicrib'd  in  the  Mark  of  the  Trajeftory,and  the 
[tber  the  right  line  M^  itfelf.    Which  being 
.|one  \n  Ha  {ox  MA  produc'd)  take  M H  g- 
"^qual  to  5K+yiK,  that  is,  equal  to  S  R^  fup- 
pofing  L  R  equal  to  L  V,  and  draw  H  ^t ;  this 
line  will  be  nearly  equal  to  the  diftance  from 
the  Sun  of  a  point  of  the  Trajedory  (whofo 
mark  is  f  J  encreas'd    by  the  double   of  the 
right  line  intercepted  between  the  point  and 
the  Chord  of  the  Arc  of  the  Trajeiftory,  name- 
ly « ;8  in  the  ereded  Trapezium  /i  B  (3 «,  t  hat  is, 
the  right  line  Hfi.  is  equal  to  a  tight  line  in  the 
plane  of  the  Comet's  Trajeftory,  analogous  to 
SR  in  its  Mark  in  the  Plane  of  the  Eclipticj 
that  is,  H/i  is  equal  to  the  right  line  S  A  in 
the  Parabola  of  ?Top.  20.    By  the  Corollary  of 
the  1-]'^  Propofition,  let  the  velocity  of  a  Co- 
met when  it  moves  in  its  Parabolical  Trajeifto- 
ry at  a  diftance  from  the  Sun  equal  to  the  right 
line  KjM,  be  compar'd  wiih  the  velocity  pf  the 
Earth  towards  the  Sun,  and  the  line  which  th? 
F'  Comet  moving  equably  with  the  faid  Velocity, 
wou'd  go  thro'  in  the  whole  time  that  the  Eatth 
defcribes  the  Arc  TtTy  or  in  the  whole  Time 
that  a  Comet  goes  thro'  the  Arc  ACB  in  M 
Ecliptic,  bedefin'din  partsof  the  Arc  rrrde- 
fcrib'd  by  the  Earth  at  the  fame  time  j  which 
may 
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may  be  eafily  done  in  the  following  manner. 
By  Calculation  fubtraift  the  length  of  the  Arc 
Ttr  defcrib'd  by  the  Earth  between  the  firft 
and  third  Obfervarion,  fuppofing  any  round 
number  for  the  mean  diftance  of  the  Earth  from 
the  Sun  y  a  length  (as  for  Example  Z, )  which 
is  to  this  Arc  in  a  fubduplicate  ratio  of  the  Di- 
ameter of  the  Magnus  Orhis  to  the  known  right 
iine  H(i,  and  which  therefore  is  given,  is  the 
length  reqair'd  j  namely   that  which  a  Q>met 

'     equably  carried  with  the  fame  velocity  that  it 

I  has  when  it  defcribes  its  Parabolic  Trajediory 
at  a  diftance  from  the  Sun  equal  to  Hi*,  wou'd 
go  thro'  in  the  time  that  a  Comet  does  really 
go  thro'  an  Arc  whofe  Chord  is  *  /S :  For  (hy 
Profi.  ly.)  the  velocity  of  a  Comet  at  the  laid 
diftance  H^c  is  to  the  velocity  of  the  Earth  in 
the  above-mention'd  Ratio.  But  (by  Vrcp.  20,^ 
the  faid  Length  Z  is  eqtial  to  the  Chord  of  an 
Arc  which  a  Comet  does  really  defcribe  in  that 

f  time :  Therefore  if  Z  be  found  equal  to  the 
Chord  *  ^j  it  is  certain  that  the  point  C  in  the 
Longitude  obferv'd  the  fecond  time  was  rightly 
taken  for  the  Comet's  place ;  therefore  ^i,  C 

\    and  Bj  are  the  three  places  or  Marks  of  the  Co- 

t    met  in  the  Plane  of  the  Ecliptic. 

[        If  2  be  not  found  to  be  equal  to  the  right  1ms 

L  wjSjthat  is,  if  the  point  C  be  not  rightly  taken  in 
^  C  the  Longitude  obferv'd  the  fecond  time;  in  t^ 
(or* 5  produc'd  if  occafion  require)  take  <«ff» 
li  T  equal  to  Z,  take  alfo  AF,  BP^  equal  to 
A(f,  B-^j  in  fuch  manner  that  f"  and  f  maybe 
on  the  fame  fide  of  the  ri^hc  line  /*«,  and  '* 
and  V  on  the  fame  fide  of  the  right  line  B  ^^ 
Then  by  the  fame  method,  that  from  the  af- 
fum'd  point  C  were  found  the  points  A,B,T>,F,7, 
from  other  aflum'd  points  2  C  and  ;  C,  find  the 
Uu  u  4  new 
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new  2^,2B,2D,if,aP,  and  ;^,;B,;D,5F,5p,  as 
in  the  z6'^  Figure  ;  where  the  fame  things  re- 
aiaining,  and  the  fame  letters  being  us'das  be- 
fore, thofe  things  art?  only  left  out  of  which 
■  we  have  no  tnore  occaiiop  to  fpeak-     If  Z  be 
iefs  than  «  $,  or  A  F,  or  B  P  lefs  than  A  B  (as 
it  happens  in  this  16}^  fig-)  the  point  2  C  muft 
be  taken  nearer  to  the  point  ^  (in  which   TA 
and  and  r  B  rneet ; )  and  fo  on,    if  at  leaft    5^, 
^F,  "be  greater  tlian  ^A  ^B:  But  if  on   the 
contfcry  AF  be  greater  than  ABjtzC  muft  be 
taken  greater  than  tC ;  and  fo  on  if  at  leaft  3  A 
jFbe  lefs  than  j/,^-S.     Thro'  the  points  F, 
tFand  j  Fdraw  a  Circle,,  which  cuts  th?  right 
line  r  B  between  B   and  ;  fi  ;  as  for  ExjtKpk  in 
6,  if  the  new  points  2C,  ;C  be  t^ken  in  the 
planner  before  (hewii.  Likewife  thro'  the  points 
P,  2  P  and  %  P,  draw  a  Circle  cuting  the  right; 
XiniTAmX-^  the  points  O  and  X  will  be  rhq 
Places  of  a  Comet  reduc'd  to  the  Ecliptic,  or 
the  Marks  of  the  Comet  at  the  firil  and  thirdOb- 
fervation.    For  it  has  been  above  demonftra- 
ted,  that  the  points  A  and  B   are  the  Marks  of 
the  Comet  in  the  Plane  of  the  EcUptic  at  the 
firft  and  third  Obfervation,  if  C  be  its  Mark  tq 
the  fecond  :  The  fame  does  Ukewi^  obtain  iij 
J  Ay  xB  and  2  C  ;  and  alfo  in  ^  A,  ^B  and  \  C. 
It  is  alfo  demonftrated  that  C  is  truly  the  MarH 
pf  the  Comet's  Place  in  the  fecond  Obfervation, 
if  Z  be  equal  to  *j3;  that  is,  if  either  of  the 
right  lines  A  Pand  BP  be  equal  to  ^S  ^  that 
^slaftly,  if  the  pcints  B  and  F  coincide,  and  A 
and  P.    And  therefore,  if  (things  remain  asbcr 
for?)  the  points  £  and  F  coincide,  fuch  a  point 
B  will  be  the  Mairk  of  th^  Comet  at  the  third 
Obfervation :  Likewife  when  A  and  P  coincide, 
fuch  a  point  A  will  be  its  Mark  at  the  firft  Obr 
fervatioi 
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^  fervation.    And  to  make  thefe  coincide,  thro' 
the  three  rightly  found  Points  F,i  Fand  3  F,  a 
Circle  is  drawn,  that  is,  a  very  fimple  line  go- 
ing  thro*  three  Points,  cutting  the  right  line 
T  B  in  O.    Since  then  the  point  O  be  as  well  in 
^he  place  of  the  point  B,  namely  in  the  right 
line  T  B,  as  in  the  place  of  the  point  F,  namely 
in  a  Circle  ;  when  the  point  B  happens  to  be 
^t  0,  the  point  F  will  alfo  be  there,  that  is,  in 
tliatcafe  the  Points  B  and   F  will  coincide,* 
apd  therefore  the  point  o  is  the  true  Mark  of 
the  Comet  in  the  plane  of  the  Ecliptic  at  the- 
third  Obfervation,  all  the  requifite  conditions 
agreeing  with  it.    Likewife  for  the  fame  rea- 
ibns  the  point  X  is  the  true  Mark  of  a  Comet  in 
the  firft  Obfervation.    Therefore,  if  from  the 
point  O  to  theplane  of  this  Figure,  which  repre- 
fents  the  Plane  of  the  Ecliptic,  bedrawn  the  per- 
pendicular On,  equal  to  the  the  Tangent  of  the 
Jinown  Latitude  in  the  third  Obferiracion  for 
the  Radius  tOj  a.  will  be  the  true  place  of  a 
Comet  in  its  Traje£tory,  Likewife  X?  perpen- 
dicular to  the  Plane  of  the  Ecliptic  rais'd  at  the 
point  X,  equal  to  the  Tangent  of  the  Latitude 
at  the    firft  Obfervation    of  the  Radius  T'X, 
will  fhew  the  point  Z  the  other  place  of  the 
Comet  in  its  proper  TrajeiSory,  With  the  Focus 
S  thro'  the  points  u  and  s  (by  Vrof.  24.)  defcribe 
a  Parabola ;  and  it  will  be  the  Comet's  requir'd 
Traje<5tory.     But   becaufe  there  are  two  Para- 
bolas defcrib'd  about  the  Focus  S  pafling  thro" 
the  two  Points  *-  and  Z,  which  of  thefe  is  the 
Trajedory  of  our  Comet  will  appear  from  any 
obfervation  of  the  Comet :  For  its  Place  deduc'd 
from  one  ofthofe  Parabola's  will  agree  to  the 
obferv'd  Place,  but  taken  from  the  other  will 
rot.    Therefore    we  have  from   Obfervations 
'  determin'd 
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determin'd  riieTrajeftory  of  a  Comet  moving 
in  a  Parabola.    ^.  £.  F. 

For  one  may  in  TA  or  tB,  choofe  Points  ac 
pleafure,  as  was  done  here  in  /  c,  and  work 
with  the  Points  dedqc'd  from  hence  in  the  two 
remaining  lines;  after  the  fame  manner  that  we 
work'd  with  the  Points  in  TA,  t  B. 

In  the  foregoing  Inveftigation,  whether  A- 
rUhmetical  or  Graphical,  or  compounded  of 
both,  there  is  no  regard  had  to  the  Monthly 
Parallax  of  the  Sun  arifing  from  thii,  viz.  That 
it  is  not  the  Earth's  Center,  but  the  common 
'  Cemer  of  Gravity  of  the  Earth  and  Moon  which 
is  carried  in  the  MagnutOrins;  for  this  Month- 
ly Parallax  of  the  Sun,  three  times  greater  than 
the  Diurnal,  is  fenfible  in  the  denning  of  the 
Orbits  of  fame  Comets :  Therefore  we  mufl 
by  it  corred  the  Comet's  obferv'd  Places, 

If  the  Elliptic  Orbit  of  a  Comet  be  found  to 
agree  better  let  it  be  thus  defcrib'd :  Find  the 
Mark  of  a  Comet  in  the  Plane  of  the  Ecliptic  in 
the  fecond  Obfervation ;  and  it  will  be  the  fame 
in  order  and  fituation  between  the  points  C,  2C, 
3  C,  as  the  point  O  was  between  B,zB,  %  fi,  or 
as  X  between  A,  2.  J,  %A:  from  the  Mark  thus 
found,  raife  perpendicularly  to  the  Plane  of  the 
Ecliptic  a  line  which  is  the  Tangent  of  the 
Latitude  in  the  fecond  Obfervation  for  a  Ra- 
dius equal  to  the  diilance  between  t  and  the 
faid  Mark ;  the  upper  end  of  the  faid  Perpendi- 
cular, or  the  end  of  it  above  the  Plane  of  the 
Ecliptic,  is  the  Place  of  the  Comet  in  its  Tra. 
jeAory  obferv'd  the  fecond  time.  An  Ellipfe 
wi^Ji  the  Focus  S  drawn  thro"  the  points  •»,  g 
and  the  lately  found  Point  (  by  Tref.  29.  B,  y}m 
will  be  the  requir'd  prbit  of  the  Comet. 
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SCHOLIUM. 
The  foregoing  Method  for  determining  the 
point  O  or  the  point  A'is  univerfai,  and  of  great 
ufe  in  feveral  Phyfical  Aproxiraations.  For  the 
nioft  part  three  Points,  as  here  ^',  2  A  and  ;  W, 
found  according  co  Art  from  the  three  afUim'd 
ones,  vix.  C,  2  C  and  3  C,  muft  be  fo  pofited 
that  the  requir'd  Point  may  be  between  their 
Extremities  A  and  lA  which  is  the  reafon  why 
from  the  three  Points,  P  alone  muit  be  plac'd 
on  the  other  fide  of  the  correfponding  poinr  A:") 
For  thus  will  the  requir'ii  Point  be  more  cer- 
tainly and  nearly  determin'd  by  the  interfedi- 
on  of  a  Circle  with  the  right  line  AzAjia 
whichJt  muft  neceffarily  be,  than  if  the  re- 
quir'd Point  being  beyond  A  and  1  A  was  to  be 
determin'd  by  the  Interfetaion  of  a  right  line 
with  the  Circle  beyond  the  points  A  and  5  P  ; 
for  the  fame  reafon  from  fome  obferv'd  place  of 
one  Comet  (or.ofany  other  mov'd  according 
to  any  Rule;  its  Place  and  its  imermediaia 
Time  whatever  is  more  certainly  defin'd,  than 
its  Place  or  Time  before  the  firft  or  after  the  laft 
Obfervation. 

PROPOSHOK   XXVII. 

To  determine  the  Point  that  it  finefi  to  be  taken ^ 
the  firfij  fecond  and  third  lime  fur  the  Comet's 
Mark  (or  the  Mark  of  Us  Place)  on  the  Plane  of  the 
■     Ecliptic.     [Fig.  17.] 

The  Conftruiftion  of  the  foregoing  Problem 
is  univerfai:  But  in  praAice  we  muft  not  take 
any  points  C,  2  C  for  the  Mark  of  the  Comet  in 
the  fecond  Obfervation,  but  we  muft  take  thofe 
Points  nearly  true,  if  we  can  by  any  means 
know  whereabout  the  true  ones  fliou'd  be.  And 
that 
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that  may  be  done  by  help  of  the  12^''  Vro^.  by- 
four  obfervacions  of  a  Comet.  For  a  right  line 
being  drawn,  whofe  three  parts  intercepted  be- 
tween four  right  lines  given  in  pofition,  have 
the  fame  ratio  as  three  Intervals  of  Time  be- 
tween four  obfervations,  will  not  differ  very 
much  from  that  part  of  a  Comet's  Traje^ftory 
which  is  then  run  through.  Therefore  its  InterT 
feftion  with  a  right  line  that  reprefenisthe  Lon- 
gitude in  the  fecond  obfervation,  will  very  fit- 
ly be  taken  for  the  mark  of  a  Comet  in  that  fe- 
cond Obfervation. 

If  you  know  within  a  little  the  quantity  of 
the  Angle  which  the  mark  of  the  Orbit  of  a 
Comet  contains  with  a  right  line  joyning  the 
Earth  and  the  Comet  in  the  fecond  Obfervation, 
or  its  equal  (  by  Vrof.  17.  B.  i.  Cmlc)  nameh^, 
>/(,  which  the  Chord  A  B  contains  with  the 
right  line  (C,  which  maybe  done  by  be/p  of 
the  9^''  Fro]',  or  more  accurately  by  the  Schol. 

,  of  Prop.  I ;  ;  then  the  point  C  to  be  taken  at  firft 
will  be   determin'd  after  the  fame  manner : 

^  Draw  the  right  line  A  B  terminated  at  each  end 

I  by  the  right  lines  TA,  tB  given  in  pofition,  and 
cutting  the  right  line  tC,  which  is  alfo  given  ill 
pofition  at  J*,  in  an  Angle  equal  to  the  given 

,  Angle  ;  in  fuch  manner  that  it  may  be  to 
i^i  xTr  rhe  Chord  fchat  is,  nearly  to  -f  of  Tt) 
in  a  fubduplicate  ratio  of  St  to  Sj\;  and  draw 

■  thro' 5,  the  right  line  5DC,  whofe  part  £)C  in- 
terjeaed  between  the  Legs  of  the  Angle  Aj^C 
tnuft  be  equal  to  the  right  line  rN,  which  b  an 
nniverfal  Problem  of  the  Ancients  concerning  In- 
ilinaticni,   and  which  is  done  by  their  Method, 

'  Or  by  the7'h  Sedion  of  the  y^h  Optical  Leaure, 

-r  in  the  ;■*  Sedion  of  the  6^^  Geometrical  Leif. 

f  Vr,  Barrow.    The  Poine  C  ihus  dcKrmin'd  is 
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that  very  fame  which  is  conveniently  taken  the 
firft  time  for  the  mark  of  the  Comet  in  thePIane 
of  the  Ecliptic.  Suppofe  that  C  is  the  mark  of 
the  Comet  in  the  Plane  of  the  Ecliptic,  and 
Parabolic  Arc  going  through  J,  B  and  C  is  the! 
mark  of  an  Arc  of  the  Trajeftory  defcribed 
between  the  firft  and  third  Obfervacion ;  There- 
fore fuppoiing  that  the  accelerating  Gravity 
towards  the  Sun  is  the  fame  or  equal  at  the 
diftance  of  the  Earth  from  the  Sun,  and  at 
the  diftance  of  a  Comet  from  it,  fthat  is, 
in  GaliUui'i  Suppofition  of  Gravity,  which  is 
nearly  true,)  CD  and  t  N  are  equal,  as  being  the 
fpaces  in  falling  toward  the  Sun  gone  thro'at  the 
fame  time  by  a  Comet  and  by  the  Earth  ^AB  the 
the  Chord  of  the  Parabola  will  (by  Prop.  22. J  be 
to  v'2x7't  the  Chord  of  the  Circle,  whofe  Cen- 
ter agrees  with  the  Focus  of  aParabola,  in  a  fub- 
duplicate  Ratio  of  the  right  line  St  to  the  right 
line  S  D;  But  AB  h  drawn  to  v'zxTV  in  a  iub- 
duplicate  Ratio  of  Sr  to  Sj',  and  alfo  ^B  cuts 
the  right  line  {C  in  a  due  -Angle,  and  therefore 
C  ZJ  is  equal  zotN:  therefore  the  right  line  A  B 
has  nearly  all  the  requir'd  Condinions  to  become 
the  Chord  of  the  Arc,  which  is  the  Mark  of  the 
Comet's  Trajedoryj'intercepted  between  the  firft 
Longitude  TA  and  the  third  tBj  and  therefore 
the  point  C  has  all  the  Conditions  requir'd  to 
be  nearly  the  Mark  of  the  Comet  at  the  fecond 
Obfervation.  Therefore  the  point  C  is  rightly 
taken  for  the  Mark  of  the  Comet  (tho'  it  muft  af- 
terwards be  correfted )  at  the  fecond  Obfervation. 
The  Point  C  therefore,  which  is  to  be  taken 
the  ficft  time,  being  determin'd,  the  Points 
which  are  afterwards  taken  (namely,  2Cand 
3  C  l^fig.  28.]  )  are  not  to  he  taken  without  con- 
fidetacion  or  allowances  ^  neither  does  the  Cau- 
tion 
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lion  given  in  the  foregoing  Propofitioiij  name. 
ly,  that  the  point  2  C  be  taken  nearer  thepoijitj^ 
when  the  Line  Z  is  lefs  than  A  fi,  and  fo  on  the 
contrary,  fuffice;  but  when  we  have  proceeded 
lb  far  that  J  h  rightly  drawn  be  equal  to  the 
lix)ngirude  Z  agreeable  to  it ;  in  tC  take  the 
Point  2  C  in  fuch  manner  that  the  cliftance  f  2  C 
may  be  to  thediftance  sC  in  a  Ratio  compound- 
ed of  the  Ratio  of  ZtoAB^  and  a  fabdupM- 
cate  Ratio  of  5C  to  S  2  C.  The  caufe  why  the 
firft  compounding  Ratio  is  made  ufe  of,  is  ma- 
liifeft  from  what  is  faid  before  :  Forfincev^S 
is  to  be  found  fo  as  to  be  equal  to  Z  agreeable 
to  it,  if  it  be  greater  or  lefs  it  muft  be  dim!- 


^^^B  they  wou'd  be  equal  by  the  tirfl  compounding 
^^^H  Ratio  alone,  if  Z  was  conftaht  and  invariable  ; 
^^^K  but  as  the  Longitude  Z  is  always  different  as 
^^^^  A  B  \s  different,  therefore  the  fecond  com- 
^^  pounding  Ratio  is  neceffary.  Now  it  is  plain 
W  (from  Prop.  23. J  that  in  Parabolas  the  Chorda 

m  of  the  Arcs  AC  By  2  /?,  2  C,  2  B  (in  which  C  D, 

'  aCj  2D  tending  to  the  Focus  and  intercepted 

between  the  Vertex  and  the  Chord,  are  equal^ 
are  in  a  fubdupltcate  Ratio  of  the  right  lines 
SC,  SzC;  and  it  has  been  fhewn  above  that  the 
tight  lines  CZ>,  2C,  2j>are  nearly  equal  (namely 
teing  the  Spaces  which  a  Comet  falling  cowards 
the  Sun  wou'd  defcribe  at  difFerenr  diftances  from 
it  in  the  fame  time,)  and  alfo  that  the  Mark  ol 
the  Comet  in  the  fecond  Obfervation  is  near  to 
the  Vertex  of  theArCyiCfi,  that  is,  of  a  part 
of  the  Mark  of  the  Trajeiftory  of  a  Comet  de- 
fcrib'd  between  the  firft  and  third  Obfervation. 
But  alfo  the  Point  2G  found  after  that  manner  is 
not  faid  to  be  the  accurate  Mark  of  the  Come  j 
In  the  Plane  of  the  Ecliptic,  but  it  is  nearly 

tfQS 
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,   true,  and  but  Very  little  remov'd  from  a  Point 

L  truly  accurate. 

(       After  the  fame  manner  may  fce  determin'd 
the  Point  ;  C  from  2  C,  as  2  C  was  determin'd 
from  C  if  we  find  three  Points,  as  was  done 
in  the  foregoing  Propofition  j  but  if  we  work 
this  way,  it  will  hardly  be  needful  to  make 
ufe  of  a  fecond  operation :    and  a  right  line 
joyning  the  two  Points  Fand  2F,  determin'd 
from  the  two  affum'd  points  C  and  2  C  by  the 
foregoing,  will  cut  t  5  in  the  point  0  (to  which 
they  are  very  near)  the  accurate  Mark  of  the 
Comet  in  the  third  Obfervation,  and  the  right 
line  P  2  P  will  likewife  cut  TA  in  the  point  X,^ 
the  Mark  of  the  fame  Comet   at'the  firft  Ob*' 
fervarion,  as  we  have  (hewn  before,  that  it  muft 
happen  when  C  and  2C  are  near  to  the  true 
Point.  Therefore  we  have  determin'd  thePoint 
which  f^in  the  operation  of  the  foregoing  Prop.) 
is  mod  conveniently  taken  for  the  Mark  of  tlie 

[      Comet  in  the  plane  of  the  Ecliptic  the  firft,  fe- 

L     cond  and  third  time. 

r  In  nearly  determining  the  points  C  and  2  C, 
after  the  aforefaid  manner,  in  Graphical  Ope- 
rations we  niuft  often  proceed  by  Tryals,  where 

I      a  more  accurate  or  a  Geometrical   method  is 

[  wanting  i  neither  is  it  needful  here  to  make  ufe 
of  Curves  very  difficult  to  be  drawn,  which  the 
conftrudion  wou'd  require. 

pROPosfTioN   XXVni. 


TO  determine  the  the  paction  of  the  Use  of  Nodet 
of  the  TrajeSory  of  a  Comet,  and  the   Time 
when  a  Comet  is  in  the  Nodes,     \_fig.  29.] 

Things  remaining  the  fame,  and  being  deno- 
ted by  the  fame  Letters  2s  in  the  foregoing  Pro- 
pofitions,  the  right  lines  OX,  u^  muft  be  pro- 
duc'd  till  they  meet  in  Si  ;  Draw  50, 5^",  Set. 
All 
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the  Points  were  before  given,  namely  5,  O 
AXy  and  therefore  as  well  the  lldes  as  the 
imglesof  theTrianpIe^OX  ;  and  therefore  the 
Angle  SXa,  which  is  an  Angle  next  on  the 
the  other  fide  of  one  of  thetn  on  the  fame  line. 
Jtloreover,  if  thro'  I  you  draw  1 0  parallel  to 
XO  meeting  with  the  right  line  O- at  a,  the 
IJTiangies  •  0  ?  and  i  X  a  will  be  equiangular ; 
,ftnd  therefore  from  the  known  fidejoS  [equal 
ViO  X)  and  0  «  (the  difference  of  the  known 
right  lines  u  o  and  5  A')  together  with  the  right 
angle  « 0  5,  the  remaining  Sides  and  Angle  will 
be  known,  and  alfo  the  angles  of  the  Triangle 
JA'ft  :  But  in  this  Triangle,  one  fide  A'f  is 
given,  therefore  the  other  Sides  will  alfo  be 
given  J  namely,  A'«S  and  ?a.  Then  in  the 
Triangle  aXSyou.  have  the  Sides  JtS,  XSi, 
with  the  Angle  between  them  SXsi  ;  therefore 
you  will  alfo  know  the  Angle  XSSI.  But  as  was 
iaid  before,  the  pofition  of  the  right  line  SX  h 
given,  or  the  Angle  which  it  mattes  with  TX^ 
whofe  pofition  is  known  by  Obfervation,  (for  in 
theTriangleX7'5,  the  Sides  r^  and TA',  are  gi- 
ven and  alfo  the  Angle  ATI'S,  which  is  the  di- 
ftance  between  the  known  Place  of  the  Sua 
and  the  Place  of  the  Comet  obferv'd  the  firft 
time,  whence  TXS  is  known)  and  therefore  the 
pofition  of  the  Right  line  fi  S  tJ  will  be  known, 
or  the  Places  of  the  Nodes  feen  from  the  Son. 
If  the  Right  line  Oti,  ATS  are  equal,  the  Line  of 
the  Nodes  is  parallel  to  OX,  and  therefor? 
known  in  pofition. 

To  determine  the  time  that  a  Comet  is  in  the 
Node,  let  «5  [R>.  30.]  be  the  Trajeaory  of  a 
Comet  defcrib'd  by  Prop.  26.  thro'  the  Point* 
«  and  |,  in  whofe  Plane  are  found  the  right  linei' 
Sv^S^t  ^nd  let  tlie  before  found  Line  of  Nodes 
SiSV 


Book  VU  (?/  A  s  T  R  o  mQ  kt;     '^  t  i 

(I  S  ^  me«c  with  che.Tr^(ftcjr)(  in  ft  afld  tSj 
&)d  (by  P'-cp.  I.4.-  B-  r.)  the  Interval  of  ihe-Tiraa 
Ijetween  che  fij-ft  Obfervation  aud  the  uionien^ 
that  the  Coipet  comes  to  tUeNode  o  will  be  to 
the  Intefval  of  Time  betweeo  the  hrft  and  rhki 
Obfervation  asthc  AreaJ  si  S  to-the  Area^^^i 
but  tha  ratio  of  the  Areas:  J  ft  5  and  fSs  is 
known  J  (  for  the  Areas  themfelves  are  Jtnowa 
by  the  24'''  Prop,  of  iTchitfiedes  of  the  ^aJrature 
of  the  Parabola) .  therefore  alfo  the  Time  at  which 
a  Comet  is  in  the,  NoJe  fj  .  After  thfcilama 
manner  will  be  Known  the  Time  that  4  Cotne* 
comes  to  the  uthet  Node -y.    ^£.  F*    .  ,    i  • 

-,.',^  ■_.>     Prpposition  IcXIXv    '' ..,,";,jr'; 

TO  dturmm  the  Inclin.-.Hqn  of  the  viate  •J^'thi 
Tr,7JeB#ry.ef  a  Comet  to  tbt  Plane pf  tht  Eclip^ 
tk.      [Fig.  g 1. 3  ,  ;^ 

Things  remaining  as  before,  from  cnfi  pQisA 
O  to  y  5  W  the  Line  of  Nodes>  draw  ,the  per-4 
pendiculai'O  W,  and  join  wU.  In  the Triangla 
O  S  "iS  befides  the  right  Angle  ac  y  you  hiTa 
(by  the  foregoing  Prof.)  the  Angle  0  5^,  and 
the  fide  O  S ;  therefore  0  W  is  known.  Then 
in  the  rectangular  Triangle  »  O  y  the  fides  a- 
bout  the  right  Angle,  namely,  O  <p  and  0  45  artf 

'  Ijnown,  and  therefore  the  Angle  0  y«  will' be 
known,  which  (by  Def.  6.  El.  11.)  is  [he  Indi< 
nation  of  the  Plane  of  the  Trajectory,  10  ch« 

'  plane  of  the  Ecliptic. 

Proposition  XXX. 

TO  determine  the  principal  Laius  rCdnm  of  a 
Comet's  TrajeBoryt  the  Comet's  Ptriheliumf 
and  the  Time  that  a  Comet  is  in  the  Periheliiim-, 
[Fig.  52.] 

•  With  the  Focus  S,  thro'  the  Points  «  and  ?, 
X  X  X  fieftttlbs 


defcribe  the  Trajedory  of  a  Comet  by  Prop.  24. 
with  5  for  yoar  Cenccr,  thro'  either  of  the  faid 
-Points  (as  for  Ex)  draw  a  Circle  meeting  atrain 
with  the  TrajedOry  at  t';  draw  •^'j  to  which 
from  S  draw  ihc  pcrpendicubr  ^p,  which  pro- 
dnce  till  it  meets  with  the  Parabola  at  ■»■ ;  *  will 
be  the  Perihelium  of  ihe  Traied:ory,  and  there- 
fore the  Quadruple  of  S  *  a  the  principal  L*' 
tm  reSum  of  it. 

The  (irft  is  plain  ;  for  fince  the  Focus  S  is 
found  in  the  Axis  of  the  Paraboli,  a  Circle  de- 
Icrib'd  about  the  Center  5  will  cut  the  Par  boa 
(if  it  cuts  ic  at  all)  in  two  points  equally  diftant 
lirom  the  Axis,  and  therefure  the  right  line  of 
joining  the  inrerfeAions,  will  be  perpendicatar 
to  the  AxiSj  and  ^  the  Vertex  of  the  Parabola, 
tft  the  Perihelium  of  the  Traje<Story,  and  the 
Quadruple  of  S*,  the  Parameter  of  (he  Dia- 
meter whole  Vertex  is  ^  (  that  is,  of  the  Axis 
itfelf,)  or  the  principal  Latus  uBum. 

Take  a  Time  whofe  Interral  fnm  the  firft 
Obfervation  when  the  Comet  was  in  Sj  \%  to  the 
Interral  of  the  Time  between  the  fi;  ft  and 
third  Obfervation  as  the  Area  Z'»S  to  the  Area 
v^S  i  and  that  witt  be  the  Time  that  the  Co- 
met is  in  the  Perihelium, 

We  leave  the  variety  of  Caufes,  namely, 
when  the  Time  that  the  Comet  is  in  the  Perihe- 
r.  Hum  is  before  the  firft  Obfervarion,  and  wfienit 
is  after  it,  to  the  Judgment  of  the  Aftronortier, 
as  alfo  innumerable  other  things  relaring  to  this 
Problem,  aboiic  deiining  a  Comet's  Trajedory 
and  the  parts  of  it. 

'    .  SCHOLIUM. 

'        Hence  alfo  will  a  Comet's  Perigarum  and  tfi0 
'   Time  of  it  be  determined ;  For  fines  the  Tkn* 

k 
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I  fs  eitefa  (namely  th3.t  between  the  firft  and  ttiri 

fOblervation)  thac  tht  given  Area  ^tiS  ik  dei 

f  Ibrib'd  by  a  raditis  drawn  from  the  Comet  to  ibA 

\  Sun,  you  Will,  alfo  have  the  Ared  dtfcribed  id 

bne  Day  j  arid  fince  0  is  given,  which  Is  the 

Placeof  a  Comet  in  the  firil  CJbfervatiori,  th'fc 

Places  of  a  Cpmet  for  each  Day  will  be  givefl 

in  its  proper  TraJeAory.    Btit  the  Place  of  thft 

tariH  in  its  Orbit  is  given  for  every  Day;  and 

("from  what  has  been  faid  before)  th^  Situaribri 

of  the  Earth's  Orbit  and  a  Comet's  TrajfcAoiy 

in  refpeA  to  each  other  -.    whence  the  Placi 

where  the  Comet  is  rieareft  to  the  Earth,  thac 

«,  the  Comet  Perigrum  will  eafily  be  knoWni 

bnd  alfd  the  Time  when  ic  happens. 

pROP0Slti«N  XXXi. 
npO  correEt  tht  TrajeBorj  vf  a  CMitt  iviid  Wtf  J 
A    fiimd  hy  Prop.  26. 
Let  the  pbfition  of  the  Plarife  of  a  C6met*i 
,  Trajedory,  determiri'd  by  Trof.  16.  be  aflbiri'd^ 
I  then  choofe  thr^e  Places  of  the  Comet  nicely 
fcbferv'd,  diffcreht  from  thofe  three  by  whicn 
theTrajedory  was  firft  deterthin'd,  and  frerjf 
.  far  diftarit  from  one  another  :  It  will  Ke  coi]<'e<* 
I  Went  for  one  pf  rhctri  to  not  be  far  diftahc  frofii 
\  the  Comet's  PeriHeliurh.  let  the  Time  betweeii 
j  the  firft  arid. third  of  thofe  Obfiirvati.-  ris  be  Cal* 
led  5:  TaEe  a  riumfeer  C  which  hiay  be  b'  t  H 
\  the  Time  between  the  firft  ^nd  fecdi,d  Obferva- 
tion,  to  theT.iriie  betweeh  the  fecond  arid  tfiirdi 
T'rom  thefe  appaf  erit  Places,  by  a  trigonometri- 
cal Calculation,  after  the  method  uf  d  beforCj 
find  threfe  Places  of  the  Comet  in  the  fofefiid 
Plane  ottheTrajeiftory,  tafcenlasvery  accurate  j 
'hat  Is,  find  three  Points  of  the  before  defin'd 
'larici  in  which  the  Coftiei  has  the  fame  l.on- 
X  i  X  X  gituds 


P-cJi^  an^  Jf-atituie,  as  i:  is  really.,  found  to 
'  ^ye;j  aod  (  hy  Prep.  29.  B.  3.  or  perhaps  bjr 
"Viff^.Zif  jB.  5, 1  ilecermine  by  Calculation  what 
tonic  Seftion  goes  thro'  thgfe  chree  points, 
Wtiok  Focui  ctincM^es  wi.liihe  Sun,  and  whofe 
A'tas  ccr(nina.jsd  by  tight  li^c^dr^wn  to  thp 
Sun  and  por[ii,(u:cf  the  Curve  are  detennin't^ 
gild  iLereforetbtir  ratio  wtU  be  alfo  deternjm'd; 
As  for  Example,  let  irs  Area  betweeo  the  firft 
^nd  fecond  Obfctvation,  be  to  iU  Area  bet  ween 
the  fccond  and^hird  Obferv^tion  as  G  to  i ;  wrid 
piat  fame  will  be  the  ratio  between  the  Time! 
in  which  theie  Afe^s  wou'd  be  dcfcrib'd  by  2 
Comet,  frcm  which  a  radius  is  drawn  to  the  Suit. 
lWort(jv,r,  fiom  the  known  magniFude  of  ihs 
Track  of  rheComec,  and  the  magnicudeof  allits 
parts,  in  rtfpRiaof  theTiack  of  thdEarthandits 

ftirsij  may  ^by  Jyop.  41.  B.  i.)  be  known  th'j  Ve- 
bci  y  with  whichaComet  defcribesitj  therefore 
fhcTimp  thaf  a,  Comer  woy'd  d?fpribe  the  two 
^I'ovc  founti  Areasj  let  ir  be  call'd  T.  Let  Tssy, 
,  and  G  =  C,  ^  the,  politiqn  of  the  Plane  of  the 
^  Xrajettory  hitherto  found,  will  be  true  and  afr 
curate,  andw^nt  no  correftioni  but  if  it  fiiou'd, 
^Cfi  T— '5  wil(  be  the  Error  in  the  whole  Time 
petvift^en  the  fitii  and  third  ObJsrvation,  arifi^ 
from  vie  Icfs  accurate  podtion  o(  the  Plane  of  (he 
yrajeiapry,  and  G-rC  will  alfo  be  the  Error  a- 
filing  froQi  it  |n  the  rati/)  of  the  Time  ^etw^eg 
the  lEopnd  and  third- ,Obfervationj  which  ajJr 
pears  to  be  fo,  becaufe  in  each  c:if3  Unity  11 
taken  for  the  Coxifequent  of  two  Terms,,  whiclt 
exprefs  the  ratio  between  the  two  Times.  j 

V.Tet  the,  Longitude  of  either  Node  of  t^ 
l:rai.ctory  (found  by  Pro/'.iS.)  caM'd  Kj  be^ 
f  reas'd  by  20  or  ;o.  Minutes,  which  Mi|iifm 
call  f,  keeping  the  forsmention'd  Iacliji3ti<>fl 


L 
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■6f  fhe  Plane  of  the  TrajtaoryW  the  Plahe  of 
the  Ecliptic;  an'd  aftet-  the'rhAftWet^-fbre  made 
nfe  of,  find  in  this  iiew  I^lact^hrfie  Points, 
^hich  may  ^Ccyrately  anfw^r  to  the  three  tdrte- 
faid  moft"ati(iLirateObfervations'of  the  Comet, 
and  the  Trajeiatiry  going  thro'  tlrertr,  whole  F^ 
ius  miift  coinci'dfe  with  the  Sun's  Center,  and 
let  its  two  Areas  between  the  three  Obfervations 
flefcrib'd  by  a  right  Kiie  drawn  co  the  Sun, 
wht»fe  ratio  is  exprefi'd  by  that  of  g  to  L,  and 
alfo  the  whole  Times  which  the  Comet  WiH 
feke  up  in  diefcribing  each  oif  tliofe  Areas,  be 
gkprefs'd  by  f.  If  the  Time  f 'be  found  to  be 
**3ual  t6  S  qnd  g  equal  to  C,  this  affuin'd  pollfei'- 
en  of  the  Plane  will  be  the  true  one;  if  nop, 
f'—^'Will'beVhe  Error  in  the  whdle^Time  be- 
rWeen  thefirft  and  third  Obfervation,  and^— C 
le  Error  in'  the  ratio  of  the  Time  betweert 
:e  firft  an'd  ft:cond  Obfervation,  to  the  Time 
between 'the  fccond  and  third,  each  arifi  g 
fcom  the' lefs  accurate  petition  of  the  Plane 
bf  the  Tl'afCftbry  to  the  Plane  of  the  Fcliptic, 
'''  Let  the  foutid  fncHnatioh  of  the  Plane  of  the 
Trajecftory  to  the  Plarte  of  the  Ecliptic  c^Hi'd  /, 
be  (by  Pro/'.  29.)  encreas'd  20  or  50  Minutes, 
B.'hich  rnuft  be  caliy^^,  the  Longitude  of  the 
Node  firft  found  by  Prap'.zS.  remaining  the  fam  ;; 
and,  as  was  done  before,  find  in  this  hew  Plane, 
iiree  Points  anfwerable  to  the  thrge  forefaid 
Pbfervarions  of  the  Comet,  and  alfo  the  Tra- 
eiftory  going  thro"  them,  whofe  Focus  is  the 
me  as  the  Sqn's  Center,  and  its  t\Ma.  Ar^s  be- 
veen  the  three  Places  obferv'd,  defcnbd  by  a 
ighc  line  drawn  to  the  Sun,  whofe  ratio  is  the 
as  that  of  >  to  7:  Find  alfo  the  whole 
T ,  which  the  Comet  wou'd  take  up  in 
Xxxa      ,  de- 
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ijpfcribing  e^ph  Area  at  the  fame  Time,  by  a 
iright  Un$  drawn  to  ihe  Sun.  If  r  be  tound  to 
be  cgt^al  to  S,  and  y  alfo  equal  to  c,  tl.is  a(^ 
Jiijfl'd  poficion  of  tY^i  Plane  of  the  Trajeftoiy 
wiU  be  the  true  one,  and  as  ic  fhou'd  be ;  if 
npfj  T — S  will  be  the  Error  in  ttje  whole  Time, 
(jgtween  th?  firft  and  third  pbf:r.  jcion,  ana 
>— C  UkewifetHeError  in  the  ratio  ot  -h^.  i  Imc 
between  the  hrft  and  fecond  Obferration,  to 
ihe  Time  betweea  the  fgcond  and  third  Obfe^: 
Tfjtion, 

"■  Let  the  Operation  therefore  be  perform'd  by 
fheRuleofFalfePpfition,  the  Scheme  of  whole 
Operation  is  here  annex'd,  where  K  is  one  po- 
fition  of  fhp  jlongicude  of  the  Node,  ami 
X-r-S  the  Error  arifing  from  thence  in  the 
whole  Time  between  the  firft  and  third  Obferva- 
tion  ;  K-\-P  the  other  pofi^ion  of  theLongimde 
of  the  Node,  and  t—S  the  Error  of  the  faiij 
whole  Time  arifing  from  thence.  Accordingjo 
the  faid  Rule,  as  the  difference  of  ^vrdrs  to  tbe 
difference  of  Portions,  To  let  either  of  the  Er- 
rors be  to  a  fourth  Quantity  ;  and  this  will  be 
the  correaion  of  the  Pofiiion,  fron^  whlck 
Pow'd  the  affum'd  Error. 


After  that  manner  the  Error  of  the  pofited 
lonpitudeof  tbe  Node,  that  b,  of  Aitfelf  in 
th?  whole  Time  between  the  firfl  and  third  o^ 

fctvi^cipn,  is^  HP;  and  the  Error  P  of  the 

^~'  fame 
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fame  Longitude  K  in  the  ratio  between  th« 
two  Times  between  the  three  Obfcirations  is 

*^  xPj,  therefore  the  true  and  correAed 


c-s_ 


r-s  , 


or 


.  X  ^  and  from  the  fecond  it  is yt^ 

G — y 


Luiiclttide  of  the  Node  is  X  +  i — X  x  P, 

Liktwifc  the  Error  of  the  podted  IncHnatloii 
of  tiie  I  lane  of  the  Trajedory  to  the  Plane  of 
the  Ecliptic,    viz.  J,  fiom  the  firft  Head  is 

r- 

T- 

und  therefore  the  true  and  correded  Inclinati- 
on of    the  Plane  of  the  Trajedory  to  the 

Plane  of  the  Ecliptic  is  /  +  -!^x^,  or 

f f^  T — T 

J  +  ~ — I  X  ^    And  the  correded  Longitude  of 

the  Node,  and  Inclination  of  the  Plane  of  the 
Trajedofy  to  che  Plane  of  che  Ecliptic, will  be- 
come the  fame,  if  in  the  operation  we  make 
ufe  offheErrorsarifingfromchefecondPoJition, 


^ 


tl+9 


'o»-* 


a-t 


\y-c 

And  becaufe  both  jheErrors  come  under  con- 
sideration, as  well  that  in  the  whole  Time,  as 
that  in  the  ratio  between  the  two  Times  be- 
.  .fween  the  three  Obfervations,  l^t  us  fuppofe  a« 

well  ^^'  je  P,  as  fcl2  x  P,  to  be  feparately 

Xxx  4  equal 


T»? 


rfo    El.EME*lts 
T—S 


1  Jl'ix;  Llkewiff  lit  is  lappofe  as  well  ^1-^ 


Its ■  icfss »x^  that  is,  -——=»,  aiii> 

»T  e=  Tb-S,  apd  w  G —  »  3-  =  G  — C ;  Whence 

^d  tfi§  double  o(.(j  —  C  =?  jwG- — fng  +  »G 
ipfly,;  anil  c^efefore  going  back,   if  mania 

.  Dt  talten  in'  fuc'h  ''manner  that  the  double  bt 
3^— ;5  may  B^  :pfcr— mt  -hi»7— ^w,  and 

'  the  doubleof  G— C=i»»G  — w^  +  »G  —  wy 

t^enaswell^^xP,  as^tlE  xP  will 


be 


r^s 


^wWp,  at^d;  lilt'ew^fe  as  well  ,^rjr>  -^^s 
4c^^wm'lJi^'^'-»if^  therefbrfc  the  Er- 


G— > 
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ror  of  the  ■Longittide.of  the  Node  will  be 
w  X  P,  and  the  ^rror  oP  the  InclinAtion  of  the 
Plane  of  the  'Trsjeiftory  will  be  w  x  ^:  Whence 
the  ccvre(3ed  Longitude  of  the  Node  will  be 
K.'\''-m P,,  and  the' fcorrefted  InclinatlQti of  the 
Plane  -of  the  Trajeftory  to  the  Plane  of  the  E- 
fllptich  I  ->r'.nj^  ,      \ 

The  PUine  of  the  Traje^ory  lieihg  cprreiSefl 
3s  well  ill  refpect  to  it's  Interfedion  With  the 
Plane  of  the  EeliptiC  (chat  is,  the  Longitude (ff 
either  lMode>  as, its  Inclination  with  the  Plane 
of  tlie  Ecliptic  i  find  (as  before;  in  the  Phne 
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'ihuscorretaea'artd  now  moft  kccutitely  poficea, 
rtireePbintsi  Which  may  agree  with  the  three 
iforefeid  nfdft  a'cciiratie  Obfet-vatibne,  and  (as 

tbefDt-e)VaK}n&tHe  Siin's  Center  for  yourTocus, 
thro'the  thrw? faiiJ  Points  draw  3  ConicSeftionj 
Aiid'tHiS' lieing  correfiled  will  be  the  Comet's 
jEcqtiif'd  Trsjtat)r3'.  /^ ,  .  ,         '    ,  /^^^ 

-i.,.;,..  I  .  ^S-cno  t'lUM-  ■''■■'  "'T' 
^.^H'aviiHgi'fduh^  che  corre,d:  and  aCctifSte  "fi-^ 
jeAoryyits  Axisy  'i:ir«J  jv^wrf;  agr'dbable  to  the 
Axis,  rhe  Time  in  wHjcH-'Th,e  Cboiet  is  in  the 
Perihelium,  the  -trticr  thiiTgs  belonging  to  it 
will  alfo  be  adcutaUly  defin'd/accbrding  to  the 
Kules  foregoing;'  If  it  happens  that  an  ElHpfij 
delfcrib'd  aboiit'  ^fe  Sun's  Center  as  i.^  Focus 
(ahd  not  a  P^rabofa)  goes  thi;o'  thole  thr^e 
Poims:  that  4s,!'if  thsf  pdrt  bf  ttife  Comet's 
Trajetftory,'  Urttlchtomes  uddet  buf  Obfervatj- 
oh,  does  evidfhtly  lhew"t'hat  the  Cdniet  returns 
in;an-Oi:1iif^'_ap^'5bes'not  run  out  /w  Uifimium, 
then  from  khbWihg  the  greater  Axis  of  this  Or- 
bitj-youJwiil  know  the  Comec's Periodical  Tirhe, 
for  <by  Vrtf.  46,  and  42.  B.  i .)  thfe  Square  of  the 
PeriodiearTinjc  bf  a  Comet  is  to.  the  Square 
of  the  Piriodicir'Time'of  thfi  Eartli  about  the 
SftHj  as  the  Cube  of  the  greater  Axis  of  the  Or- 
Irit  6f  'th^  (tomet  fo  the  Cube  of  the  greater 
A«lsof  t1\e  OVbit  -which  the  Earth  defcribes  a- 
bout  the  Sun,  or  to  the  double  of  the  mean  di- 
llance  of  the  Earth  from  the  Sun. 

If  from  the  known  principal  Lotus  nBum,  as 
for  Example  of  the  three  Trajeiflories  defcrib'd 
in  the  three  alTum'd  Planes  before  the  full  cor- 
reftton,  -viz,.  Rthefirft,  r  thefecond,  and  p  the 
third,  you  wou'd  find  the  principal  Lattis  reHum 
of  this  laft  Trajeftory  defcrib'd  in  the  Plane  ac- 
<  ■■  curately 

— " 
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cnraiely  poficed  i  it  may  be  found  by  the  RuU  of 
•  F'ilft  according  to  the  Method  of  the  things  a* 
bove  ;  and  it  wUl  be  eQ^al  toR+mr  —  mJS 
i+  nf  —  mR.  For  in  the  true  and  accurate  Lon- 
citude  of  either  of  the  Nodes  you  add  to  iq 
£opgicude  in  the  firlt  Plane  ^decermin'd  by 
Trep.  28.)  the  excels  of  the  alTum'd  LopgitudQ 
in  the  fecond  Plane  above  the  other  ton^imde 
.  multip.ied  ititom;  and  in  the  accurate  Inclina- 
tion of  the  Plane  of  the  Trnjedory  ypu  add  to 
the  Inclination  of  the  firft  Plane  (determin'j 
by  Prop.  29.)  the  exccfs  of  the  alTum'd  Irclina- 
tion  in  the  third  Plane  above  the  fpregping  la- 
clination  multiplied  into  n.  And  finci^  the  Ti»- 
lectory  and  ir$  Latuj  rtiium  ire  chang'd,  35  well 
upon  account  of  the  chang'd  Longitude  pf  the 
Node,  as  of  the  chang'd  Inclination  of  the 
plane  to  .he  Plane  of  the  Eclipiicj  to  the  iJtm 
reitum  of  the  TrijtiSoi  y  in  the  firft  Plane,  or  to 
it  muft  be  added  w— w  R,  that  is,  rhe  cxceft 
of  the  Latus  rtSum  in  the  fecofld  Plane  above  the 
'  LatHt  reSium  ip  the  firft  Plane  mnMpUed  mto  m j 
and  a!fo  you  muft  fuperadd  «p — «R,  namely, 
the  excels  of  the  Lafus  rt&pm  in  ihe  third  P(aoc 
?bove  the  L<:tui  reSii$m  in  the  firft  drawn  into  », 
And  after  that  manner  you  will  have  the  true 
Latus  reHumt  viz.  R  +  mr  — mR  +  »p  —  ^R. 
^uch  after  the  fame  manner  will  be  corre^d 
the  Latut  franCvtrfum,  if  it  be  de&i'd  in  magoir 
tude, 


Sectit 
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Section  JV. 

Of  tlje  Way  of  finding  a  Comet's  Heliocen^, 
trie  or  Geocentric  Place  in  its  Trajcflory 
before  determiii'd  for  a  given  Time  5  and 
of  the  Tables  neceifary  for  readily  d^ 
fining  the  Comet  s  Motions. 

PfCOPOSITIOH  XXXII.    Lemm4^ 

FRom  the  Focui  S  of  the  given  Paruhla  V  P, 
vhofe  Vertex  is  V  aaj  Axis  VE,  to  draw  the 
Right  line  S  A  in  fucb  manner  that  the  Parabolic  A- 
rea  VR  AS  comprehended  under  ibe  right  lines  VS, 
S  A  and  the  Parabolic  Curve  V  R  A  may  he  equal  ta, 
a  given  reSlilintal  figure,  m  for  Eximple,  to  the 
.  Square  of  the  right  Urn  fi  j  atjd  to  defne  hy  com^tar 
tim  the  length  and  Inclination  to  the  Axis  VEof  the 
right  l»i«  5  a,  fo  drai^in.     [Fig.  ;  5.3 

Suppofe  it  ^ohe,  and  thro*  f  draw  the  right 
line  VF  perpendicular  to  ^E,  and  let  the  point 
C  be  in  it,  thro*  which  CA  being  draw(i  par alk! 
to  VE  meets  with  the  Parabola  In  the  Point  ^, 
fuch  z$SA  b^ing  drawn  may  give  a  Solution  tq 
the  Problem.  Thro'  A  draw  A  D  perpendicular 
to  VE,  meeting  with  ^l^^  Axis  at  D.  Let  f5 
the  diftance  of  the  Focus  front  the  Vertex  bti 
call'd/j  and  (as  is  commonly  known;  the  prin-' 
cipal  Latui  reBum  pf  (he  parabola  will  be  ^f. 
Let  the  unknown  VC  be  cail'd  x;  and  AD  will 
be  alfo  =  X,  therefore  (  from  El.  Conic.)  FD  or 

its  equaled  will  be —v.:  Whence  the  re^angu- 

lar  parallelogram  VCAD  is  equal  to  — ^  and  the 

Parabolic 
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Parabolic  Space  VRAD  (which,  from  ArM- 
mdts'i  Dlmiti/im  af  lb,  YtrahU  is  nibfefquialte- 

lal  to  the  foregiingj  Will  be  J^.  namely,  f 

6f  ^:    Moreover.  fiaM Vd  u  =  ^and rs 

-if-  '  ;4r 

Ic  /;  5  D  will  be  =:  i  ^r.  If  S  \K  between  V 

.  4/  ... 

andD,  as  in  the. if'  Pit-iii.'"  jf."  b'  be- 
tween ^  and  5,'   as  in  the  i^  As-  ??»   ^^ 

will  be  '=/—  iSj  'bat' is,ih'ehis'lirft  cafe. 


4/' 


.4/''' 


1  is  =  " — T^  and  in  the  fecond  SD^  . 

4/  ,       .  4r  .1 

I,  ,»yiience  the  ReSangle  under  APiaiDS  will 

r  j-:_  ilnlTf;,^  iCirii  .   and  therefore 

'■  '  4/  4/ 

'  half  of  it,  nainely,  the  Trkngle^JO  "i"  ba 

■y~;V''.'  or  f'f'':7''.  Andtherefotethefpiiea 
i,    »/       •■     '    if 

IfRA  S  ffor  it  is  in  the  (irft  cafe  equal  to  rR^  B 
the  Triangle  ^5I>  being  taken  from  it,  in  the 
lecond  equal  ta  VRAD,  eticreas'd  by  ABl^ 

l^iUte  f),-^i^^=^  in  the  firii  <4>>.^ 


rf^ 


8/ 

id  the  lecond  j  and  thereftne 


ip  evfery  cale  VRAS  is  equal  to 


>4/ 


And  this  muft  be  equal  to  i*,  therefore  24.  fb* 
'^  x=  +  Jif-x.  And  having  plac'd  the  jEqua- 
tion  as  is  ufual,  w5  =  -^i*f'^w+  24/i". 
Therefore,  by  the  Cardan's  Rule  the  Value  of 
«  or  A  Dj  exprefs'd  in  known  Quanticies,  will  , 


r 
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i^  known',  ^0  will  alfo  be  known ;  for  rc'w 
equal  to  the  Square  of  AD  apply 'd  to  che  qua- 
druple of  the  known  Vs.  Ther^fdfe  fby  the";''. 
D..t^m)  y.ou  have  the  compound  of  Dl^  and  l^^, 
to  which  the  Right  line  5W  is  equal,  by  Corof.  '2. 
Pfop,  14,  and  therefore  this  S>J, will  be  alfo  gi* 
ven  in  raagnicude ;  but  Dji  is  alfo  given,  thera-J 
fore  (by  Dat.  i.)  the  Ratio  between  SA  and 
AD,  that  is.'becween  the  Radius  and  the  Right 
Sine  of  the  Angle  ASD^  which  SA  contains 
wi.h  the  A?:is.-  Therefore  that  Apgle  JS&oi 
Vs4  is  known  :  And:5^  was  before  known 
in  length.     -^  E.  K  '      '' 

Converfly  alfo  in  the  given  Pargboh  you  will 
find  the  aiea  V^AS,  which  wjll  make  the,  right 
line  S  A  equal  to  che  given  right  line  j  that  is, 
you  will  find  the  Ratio  of  the  given  area  VRA& 
to  the  Square  of  the  right  line  VS,  which  will 
make  SA  to  be  in  a  given  Ratio  to  the  tight 

SCVOL^IU.M.  1.  CF/?.34.J  . 
Wet^ye  before  fhew'd  the  method  of  the 
Calcylation  made  ufe  of  in  Aftronomy,  for  de- 
tCrrmining  the  magnitude  and  pofition  of  tfaa 
right  liiie  4  S.  But  if  you  like  a  Geometrical 
ConftruAion  better,  it  may  thus  be  eafily  had^ 
if  according  to  the  univerfal  method  ofGetJ- 
ipetricians  the  before  found  Cubic  Equation 
«'+,iii^'ji— 24^^-=o  be  conftruifted  by  the 
pK.pus'd  Parabola  R^P  andaCircIe.  Letcho 
lAtmreBum  of  he  Parabola  propos'd,  f  which 
(s  equal  to  \f )  be  cairdZ.j.12  f-=y,  and 
i^fb's^r,  that  the  propos'd  Equation  may  be 
iaihis  ufuaUoira  xi^+g'A^r.5=o,  Take  (ac-  , 
■:  cording 


Corcling  to  thd  Commonly  known  precepts  of 
this  conftruiftiob)  FCss^Lia  the  Axis  of  the 

I  Parabola,  and  GHS»^  (and  that  backward  to- 
wards the  Vertex,  becaufe  it  is  +j)  that  is^  ui 
our  Equation  GH^-rr-  or  |/,  whence  it  hap* 

pens  that  the  Point  ti  ^iU  Come  to  t>e  In  the 

the  middle  Poitit  between  V  and  S :  For  becau/^ 

[    rGt='  £.,KG  will  be  the  double  ofiP'S,and  taking 

I    from  hence  Gtf=^f'5,KH=it'5*  Moreover ,fup». 

r 
'    pofe  HK  perpendicular  to  r^=:  ■-■j-;  that  b^ 

in  our  cale  =— ^ = — -;  that  is,  equal  to 

.    P/'     4/  ^ 

J» 
^ »«,  if  »  =— >i  (or  to  the  Hghtline  found  by  this 

4/ 

P»p.)  if  (by  Pro;.  4f,  J^/.|i.)the(jropos'dre<ftiIi- 

,    *ieal  Figure  be  appiy'd  to  the  Lamt  uHum  of  thtf 

Par^boUJ  and  towards  thofe  parts  of  the  eight 

line  f'S,  tow-rds  which  ^5  is  to  be  drawn. And 

a  Circle  delbrib'd  with  the  Center  K  thro'  y, 

will  cue  the  Pai'abola  R^P  in  the  re^uir'd  point 

^,  and  ^  D,  which  is  pei^eildicuUr  to  KS,  will 

be  X,  or  the  Root  of  the  foregoing  Fquation. 

.  This  conftrudicn  has  lio  need  of  a  demonftrati- 

©n,  becaufe  of  the  cbnlmon  conftrucHon  of  the 

„*  Equa.ion  x^  +  tif^x — 2^flf'=o  arifing  frbm 

the  nature  of  the  Problem  :  But  it  is    eaCe  to 

conltruct  it  running  over  the  fteps  of  the  fore- 

.  £oing  Analyfis. 

After  the  fame  manner  may  be  defin'd  Che 
^  iHdgnicude  and  pofirion  of  the  right  line  AS 
'  drawn  from  the  Focus  s,  fuch  as  the  Parabo-; 
>  lie  fpace  ^RAS^,  comprehended  betweerf 

tbar 


Book  v.     0/  A  s  T  R  o  N  6  M  y."    799 

that  Line  and  another  S  ^  given  in  tKifition 
different  from  S  f',  and  that  part  of  fhe  Parabo- 
lic Curve  between  them  ^R  A,  niay  be  equal 
to  the  given  redilineal  Figure  bh.  For  the 
Axis  S  rbeing  drawn,  you  muft  draw  the  right 
line  5 ^  in  fuch  manner  that  cht  Space  VRAS 
may  be  equal  to  the  fum  or  diiTerence  of  the 
Spaces  SI  and  ^VS,  as  S  J^  lies  toward  the 
fame  parts  of  5  ^towards  which  SA  muft  bs 
drawn^  or  towards  contrary  parts. 

SCHOLIUM^  [^^?-3S.] 
Suppofing  VP  andi/*  any  two  Parabolas, 
whole  Foci  are  s  and  *  and  Vertices  Fand  », 
and  fuppofing  the  Areas  J0i5,  *  «  b-  equal  tb  the 
refpective  Squares  of  B  and  ;8  j  if  B  be  to  V^ 
as  ^  to  f  tf,  then  AS,  « o-j  VS,  w  will  be  pro- 
f  pordonal,  and  the  Angles  VSA,  wa.  equal. 
[  Fofj  becaufa  all  Parabolas  are  fimilar  Figures, 
and  the  Foei  aftd  Vertices  are  Points  fimilarly 
pofited  in  them ;  and  befides,  as  the  Figures 
VASy  "  *  •■  are  in  a  duplicate  Ratio  of  the  ho- 
mologous fides  VS,  Iff  Cfiti  their  equals  B*i 
and  /S"  are  in  a  duplicate  Ratio  of  B  to  0,  that 
is,  by  fuppofition,  in  a  duplicate  Ratio  of  VS 
to  »-  »■ ; )  it  is  alfo  plain  that  thefe  Lines  are 
fimilar  to  one  another,  and  therefore  the 
Angles  ySA,fff»cqaa]y  and  that  ^5  is  to 
tt,<r  us  ys  to  "'.  And  therefore  from  hence, 
when  you  have  laid  down  s  f  the  diftance  of" 
the  Vertex  of  the  Parabola  from  its  Focus,  ex- 
prefs'd  in  any  round  number,  you  will  find  the 
Angle  ys  A  and  the  length  of  the  right  line 
Sy^f,  according  to  the  different  ratio  beiweeri 
the  redilineal  Figure  Bi  to  which  FSA  is  fup- 

{)os'd  equal,  and  the  Square  of  f' 5.    And  the 
engths  of  the  right  tines  A  S  and  of  the  Angles 

ysA 


^rii 
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^rs,4  difpos'd  in  Tailes,  feijvq  foB«iy  ^irab^ 
6ni^  t'as  wait>ef(jre  (hewn,  the-  right. Kne,yi(jSl 
will  in  ^very  Paraiwb  fUil  have  the  faine.rjijq 
snd  pofinon  to  I'S^.  the  lajnc  fiifiQ  remaiflvig 
Itet.iveen  B  aoid  y;5.     ,    .,...)'- 

r   ■  PAorosiTiOir  liJiGQm. 

r^D    '    '  .  ''  C  mil's  Hil'Kn^mrlc   PLct'et 

tliSun  [iig-.36.1 

Lk  ',»  DC  :i  v_.unie:"s  TiajetSory,  defcrib'd 
ty  prop.  24^^nd.eorrcded  by  Sr^f.  ^jt.  in  whofe 
Focq»  ^  l^t  the  Sua  be  pl<M:'ii ;  and  let  •>  bca 
Point  in  ic  ip  which  il,i  Comet  is  %t  any  obo 
tithe  Obferv^tions  by  wfaich:  the  Trajeciorjf 
was  4fisritured.  -  l^t  i^X  b$  the  Axis  of  ihij 
Trajsciory, wtiofi; pofiiiipn isknown  by  Pr(^.  ;o: 
Thfo'  itic  f^oia  frc^t,  will  ^Ifo  be  known  th« 
Time  thai  the  Comer  is  in  ihc  Perihdium  jf( 
and  let  ft  i3  be  the  line  uf  I^jodes  k/iown  in  pw 
ii:ionby  ?x^^  28.  If  »  TR  th*  coxreded  Tra* 
jedory  of  thft  C,omet,  be  foftod  to  be  Parahftt 
^cal,  take  fuph  a  Space  as  may  be  10  tbe  Spact 
«  i^S  ^Jinown  ftom  Arcbimtd^'s  ^adrature  cftit 

F^r..hvifi)  as  the  Interval  between  the  given 
Time  and  th^  ,beforefound  Moment  that  tba 
Comet  k  in-  the  PerifieUum,  to  the  intenral 
.  Between  the  laid  moment  yad  the  obterTacioh 
of  the  Comet  in  «  j  call  fuch  ^  jpace  B*".  Bjr 
the  foregoing  Trap,  tt^t  the  Parabolic  Space 
VkAS  be  luppos'd  equal  to  i(%  and  find  i| 
Well  the  pofttion  as  the  length  of  the  right  linf  ^ 
S  Am  refpea  of  S  F,  whofe  pofKion  in  leaglb  ' 
in  refpect  of  che  Diftance  0/  the  Earth's  Aphe* 
Hum  from  the  Sun,  is  known  from  what  hai 
been  faid  before.  Butif  a  Comet's  Trajectory  be 
found  to  be  fiUiptical,  d«w-  (by  the  j*",  6'"  or 
7^5 
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or  7^''  Prop,  of  B.  ;.  as  was  done  in  the  Planet's 
Orbits)  the  right  line  SJ  in  fuch  manner  thst 
theArea  VRAS  may  ht  to  the  whole  Area  of  the 
Comet's  Orbit,  as  the  Interval  between  the  gi- 
ven Time  and  the  monment  that  the  Comet  is 
in  the  Perihelium,  to  the  whole  Periodical  Time 
df  the  Comet,  known  from  knowing  its  greater 
Axis,-  and  you  will  have  the  right  line  S  J  zs 
Well  in  pofition  as  length.  Jn  either  cafc,from  A 
to  the  line  of  Nodes  fi  ?s,  draw  the  the  per- 
pendicular ^N  meeting  with  y  ^  at  N;  from 
the  fame  J  to  the  plane  of  the  Ecliptic  let  fall 
a  perpendicular  meeting  with  it  at  *  j  join  a.  W, 
<tSj  and  the  Angle  ANs.  will  be  the  Inclina- 
tion of  the  plane  of  the  Trajeitory  to  the  plane 
of  the  Ecliptic,  and  therefore  known  by  Frep^ 
49.  Becadfe  the  Angles  FSA  and  fSW  are 
known,  the  Angle  NSA,  which  is  their  funi 
or  difference,  will  alfo  be  known :  ThereforS 
in  the  Triangle  SNA  reAangular  at  N,  ha- 
ving (by  the  foregoing)  the  fide  S  A  exprefs'd 
in  parts  of  the  Mean  Diftance  of  the  Earth  from 
the  Sun  and  the  Angle  i^  S  A,  you  will  have  the 
fides  5Nand  NA.  In  theTriangle  N±  A  reAan-f 
gular  at  *,  knowing  the  fide  NA  and  the  angle 
ANn  f which  is  the  Inclination  of  the  Comec'4 
Trajedory  to  the  Plane  of  the  Ecliptic  found 
by  Prof  29.  and  coEfe<fted  by  Pro;'.  31.)  you 
will  know  the  other  two  fides  No.  and  A±.  A- 
gain,  in  the  Triangle  S  No.  (in  the  Plane  of  the 
Ecliptic,)  befides  the  Right  Angle  at  N,  yoa 
have  the  fides  5  N  and  N«  ;  therefore  you  will 
have  the  fide  5  <tand  the  angle  NS  «;  But(byPro/', 
29.)  th  pofition  of  the  right  line  S  N  is  given  j 
therefore  alfo  the  pofition  of  the  right  line  6' « 
Will  be  given  ;  that  is,  the  Heliocentric  place  of 
a  Comet  reduc'd  to  the  Ecliptic,  or  the  Comet's 
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He'.iocsmrical  Longitude.  Laftlv,  in  the  Tri- 
angle SaJ  reAanguIar  at  a  you  have  all  the 
(ides,  as  being  found  before;  therefore  you  will 
alfo  know  W  S  *  the  Comet's  Heliocentric  Lati- 
tude, if  there  ij  any  reafon  of  reducing  the  p\ace 
of  the  Pha;aomenon  feen  from  the  Sun  to  the 
plane  of  the  Ecliptic,  rather  than  any  other 
Plane. 

And  on  the  other  hand  this  fiiews  you  how  to 
find  the  Time  that  a  Comet  will  be  in  a  given 
Place  of  its  Traje^ory. 

Proposition  XXXIV. 

TO  fnJ  the  Heliocentric  Place,  as  to  Longitudt 
and  Latitude,  and  the  difiamefrom  the  Earth, 
ef  a  propoi'd  Comet  fur  a  gimn  Time.     [Fig.  17.] 

The  fame  things  being  laid  down  as  in  the 
foregoing  ?rDj>.  befides  them  letBT'be  the  Aiag- 
ftusOrhii,  and  in  it  let  T* be  the  place  of  theEarth 
for  the  Time  given,  found  by  Prop.  r8.  B.  3.  draw  K 
TjS,  To.  •■  and  (by  Frof.  1 8.  El.  1 1.)  !et  the  plans  jr( 


of  the  Triangle  TA  «  be  perpendicular  to  tbs 
plane  of  the  Ecliptic.  In  the  Triangle  Ts^  (in 
the  plane  of  the  Ecliptic  J  you  have  the  fides  S*, 
ST,  the  firft  of  them  found  by  the  foregoiog 
Trap,  and  the  laft  from  the  Theory  of  the  Earth 
(each  exprels'd  in  parts  of  the  Mean  Diftance  of 
the  Earth  from  the  Sun)  and  the  Angle  TSt 
comprehended  by  them,  (for  each  of  them  is 
given  in  Polition ;  )  therefore  you  will  alfo  have 
the  fide  To.  and  the  Angle  S  To. :  But  7^5  is  gi- 
ven in  pofition,  namely,  the  place  of  the  SunM 
agivenTime;  therefore  the  pofition  of  the  rigbc 
line  Ta  is  given,  that  is  the  place  of  the  Comet 
in^  leen  from  the  Earth,  reduc'd  to  the  Eclip- 
tic, or  the  requir'd  Geoccntrical  Longitude  of 
ihc  Comet.  Moreover,  in  the  Triangle^  a? 
befjdw 
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^efidfls  the  right  angle  ^aT  you  have  the  twd 
Hides  A  *,  Ta,  this  laft  lately  found  in  the  parts 
pf  the  MeanDiftance  of  the  Earth  from  theSun^ 
pnd  the  firft  of  them  found  by  the  foregoing 
frop.  in  the  fame  parts ;  therefore  the  angle  A  Ta 
the  requir'd  Latitude  of  the  Comet  feen  from  the 
Earth  or  its  Geocentrical  Latitude  is  known;  aa 
alfo  the  Hypothenufe  TA  the  Comet's  diftance 
from  the  Earth.    ^.  E.  F. 

Thus  may  be  known  when  the  motion  of  ths 
Comet  will  be  retrograde,  in  refpeiS  of  its 
motion  before,  becaufe  the  Earth,  together  with 
|the  Eye,  has  mov'd  in  the  mean  time,  as  it  hap- 

gens  in  refpetft  of  the  Planets,  when  at  the  fame 
me  the  Comet  feen  from  the  Sun  appears  al- 
ays  to  go  on  the  fame  way.  And  converfly 
lac  Phenomenon  of  the  Retrogreflion  of  a  Co- 
lec  obferv'd  from  the  Earth,  fiiews  that  Comets 
■e  not  very  far  diftant  from  the  Earth,  but  that 
'hen  they  are  feen  by  us  they  come  down  into 
le  Region  of  the  Planets.  Moreover,  as  the 
^ye  and  the  Comet  are  carried  about  the  Sun 
different  Planes,  the  Comet  feen  by  the  Eye 
id  referr'd  to  the  Fix'd  Stars,  will,  from  thei 
.aws  of  Optics,  appear  not  to  defcribe  a  great 
"tele  among  them,  but  to  deviate  differently 
om  it  J  when  at  the  fame  time;-if  it  was  feert 
■cm  the  Sun  w)iich  is  plac'd  in  the  Plane  of  the 
Vajeiftory,  it  wotfd  accurately  defcribe  a  greae 
jircle  among  the  Fix'd  Stars.  This  deviation 
om  a  great  Circle  (which  alfo  agrees  with  the 
lanets,  as  well  as  the  Retrogradation  mention'(i 
efore  )  put  it  out  of  all  doubt,  that  the  Comets 
fe  in  the  Region  of  the  Planets. 


y  yy  t  pKoti 


PkpposItion  XXXV. 

TO  dffcribe  Tables  nectJJ'arj  for  rtadily  ani  txaBlj 
fndinz  the  Places  cfCorteti. 
The  Trajedory  of  any  Comet  being  defin'd, 
if  it  be  found  to  be  Elliptical,  (fucli  as  we  fup- 
pofe  it  will  be  foand,  as  being  the  only  one  of 
the  Conic  Sections  which  agrees  with  the  Phe- 
nomena of  Comets,  if  they  are  Bodies  coeval 
with  the  World,  revolving  in  an  Orbit  like  the 
Planets)  Tables,  for  readily  finding  any  Comet's 

.  place  fof  a  Time  given,  will  be  of  the  fame  kind 
(and  conftruaed  after  the  fame  manner)  as  the 
Tables  for  the  Primary  Planets,  and  their  ufe  the 
fame,  concerning  which  we  have  Jpoken  in  the 
39'''  and  40'''  Propofitions  of  the  ;''  Book. 

If  the  Orbits  of  alt  thofe  Comets,  of  which 
we  have  Obfervations  accurate  enough,  an 
pretty  nearly  determin'd,  their  Periods  are  aifo 
known  (as  is  (hewn  in  the  Scho/Jum  of  Prop,  j  i,] 
and  the  Times  that  they  will  again  be  feen,  and 
they  may  be  corre(aed  from  Obfervatioiis  which 
will  be  made  then  ;  and  at  length  all  ComeB 
will  be  reduc'd  to  a  Rule,  perhaps  in  a  ftorter 
time  than  has  been  done  concerning  the  Planets, 
after  their  number,  and  their  revolving  in  Orbiii 
were  tcncwn.  I  hear  that  it  is  done  m  24  Co- 
mets, (whoie  Places  have  been  obfecv'd   by  A- 

-  ftronomcfs)  already  by  Dr.  Halhj/  j  and  I  haK 
reafon  to  believe,  that  the  number  of  the  Co- 
mets is  not  vaftly  great:  But  it  is  likelv  thattte 
Periods  of  fome  of  them  are  fo  great,  from  tfi8 
immenfe  Interval  between  Saturn  and  the  near- 
eft  Fix'd  Stars,  that  they  arenot  yet  defccndeJ 
into  the  Regions  of  the  i'lanets  (where  only  tliejf 
are  vifible.,to  us)  fince  Aflronomers  have  begun 
to  look  upon'them  a\  cdsftiat  Bodies^  and  more 
2cta' 
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accurately  to  determine  their  places  j  therefore 
the  (Jc termination  of  the  Orbits  in  which  thofe 
Comcfs  move  rauft  be  left  to  Pofteriry.  But 
fometimes  it  will  happen  that  fome  Comet  will 
finifli  a  whole  Period,  and  yet  not  be  obferv'd 
to  do  fo  by  Aftronomers,  upon  account  of  its 
T  nearnefi  to  the  Sun ;  which,  for  the  fame  reafon, 
■  does  alfo  fometimes  happen  to  Mercury  itfeif, 
'■'  Belides,  the  greater  Axes  of  the  Comet's  Or- 
bits, upon  account  of  the  difturbance  arifing 
J.  from  tiie  actraftion  either  of  other  Comets  or  of 
Jupiter  and  Saturn,  may  a  little  change  cheir 
fituation,  and  fo  the  fame  Comet  may  be  mi- 
ftaken  for  a  diiferent  Comet :  But  after  feveral 
Revolutions  the  thing  will  be  plain  enough  i 
for  fuch  a  difturbance  will  not  produce  very 
great  effefts,  and  tho'  the  Orbit  of  the  Moon  is 
every  Day  chang'd,  yet  it  is  reduc'd  to  an  A- 
ftronomical  Calculation,  and  confider'd  as  if  it 
was  always  the  fame. 

But  tho'  the  Orbits  of  the  Comets  are  not  yet 
idetermin'd,  fome  Tables  may  be  conftruded 
'^very  ufeful  for  the  more  eafy  defining  of  their 
Motions,  and  a  more  ready  way  ofdefcribing 
;^heir  Trajedories :  as  for  Exampk,  a  Table  by 
vhich,  from  the  given  diftance  from  the  Sun  of 
a  Comet  in  its  Perihelion  exprefs  d  in  parts  of 
^he  Mean  Diftance  of  the  Earth  from  the  San, 
[^ay  be  readily  defin'd  the  Time  that  a  Comet, 
^after  its  Perihelion,  as  it  recedes  from  the  Sun, 
^ill  get  out  of  our  fight.  For  fuppofiiig  the 
[greater  Semiaxis  of  the  Orbit  of  the  Earth  to 
confift  of  looooQooo  pares,  an  Arc  of  5-9' -i- 
(which  the  Earth  goes  thro'  by  its  mean  diurnal 
[Motion)  will  fby  the  dira,enlion  of  a  Circle) 
contain  1720,  ziz  of  thofe  parts,  and  the  twenty 
iburthpart  of  it,  or  an  Ate  defctib'd  by  the 
Yyy  5  Eaith 
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parth  by  its  mean  horary  Motion  will  have 
7167J  of  thofe  pares  :  Ther:'forc  to  the  diffe- 
rent diftances  of  a  Comer  from  the  Sun,  when 
in  itsPerihelium,  mull  refpedively  be  afcrib"d 
Parts,  gone  thro'  by  a  Comet  in  irs  Verihelium 
in  the  fpace  of  a  Day  or  an  Hour  i  for  thefe 
pares  will  be  to  the  form'  r  parts  as  the  velocity 
of  a  Comet  in  its  Perihelium  to  the  mean  velo- 
city of  the  Earth,  that  is  (by  Prop.  17.)  in  a  fub- 
dupHcate  Ratio  of  200000000  the  greater  Axis 
of  the  Orbit  of  the  Earth,  to  the  diftance  of  3 
Comet  in  its  Perihelion  from  the  Sun  j  or  pani 
muft  be  afcrib'd,  expreffing  the  Area  which  a 
Comet  by  a  Radius  drawn  to  the  Sun  iweeiM 
thro'  fas  being  made  from  multiplying  the  for- 
mer in  half  the  diftance  of  the  Perihelion  from 
the  SunJ  Moreover,  llnce  by  obfervation  wt 
pretty  nearly  know  ac  what  diftance  from  tk 
Sun  (in  refped  of  the  diftance  of  the  Earth  fron! 
it^  a  Comet  muft  be  plac'd,  to  ceafe  to  be  ica 
with  the  naked  Eye ;  that  is,  when  the  Ratio  of 
that  diftance,  to  the  jjiftance  of  a  Comet  from 
the  Sun  in  its  Perihelion  is  given,  you  will  alft 
(by  theinverfeofPrnp.  ;  5.;  have  the  Area  which 
a  Comet  wich  a  Radius  drawn  to  the  Sun  muft 
defcribe  after  it  has  pafs'd  the  Perihelion,  tbai 
it  may  come  to  that  diftance  from  the  Sun,  thai 
is,  that  it  may  ceafe  to  be  feen  ;  and  confc- 
Quently  the  Time  after  the  Perihelium  j  as  for 
•  Example,  Cby  Vrop.zi.  B.  i.)  for  one  Day  as  the 
lately  found  Area,  to  the  before  found  Area  de- 
fcrib'd  in  one  Day  by  a  Comet,  by  a  Radius 
drawn  to  the  Sun.  Therefore  to  every  diftiiflca 
of  the  Perihelium  afcribe  an  agreeable  Tims, 
in  which  the  Comet  after  it  has  pafs'd  the  Peri- 
helium, as  it  goes  from  the  Sun,  gets  out  of  oui 
fight. 
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Juft  in  the  fame  manner,  and  from  the  fame 
Principles,  may  be  calculated  a  Table  readily 
(hewing  the  Time  chat  a  Comet,  after  it  has 
pafs'd  the  Perihelium,  comes  to  a  diftance  from 
che  Sun,  equal  to  the  diftance  of  the  Earth  from 
the  Sun,  if  the  Petihelium  of  the  Comet  is  lefs 
diftant  from  the  San  than  the  Earth  itfelf.  And 
this  Table  will  be  join'd  to  the  firft  Table,  and 
willj  as  it  were,  make  but  one  Table  ^  namely, 
by  writing  over  agiinll  every  Diftance  of  the 
Perihelium  of  a  Comet,  exprefs'd  in  parts  of  the 
Semidiameter  of  the  Magnus  Orbh  (belidesche 
parts  gone  thro'  by  a  Comet  in  its  Perihelium, 
in  the  fpace  of  a  Day,  and  the  parts  of  the  Area 
which  a  Radius  fweeps  thro'  in  the  fame  Time, 
of  which  we  fpoke  above,)  in  one  Column,  the 
the  Time  after  the  Perihelium  in  which  it  comes 
to  a  diftance  from  the  Sun,  equal  to  the  Earth's 
diftance  from  it  j  in  the  other,  the  Time  that 
it  comes  to  a  diftance  four  times  or  five  times 
greater  than  the  former,  namely,  that  in  which 
it  ceafeth  to  be  faen  by  us. 

Thirdly^  The  Table  calculated  by  the  fecond 
Scholium  of  Prop.T^z.  will  be  very  convenient, 
in  whish  putting  around  number  for  the  diftance 
of  a  Comet  in  the  Perihelium  from  the  Sun, 
over  againft  the  different  bigncfs  of  the  Area 
yAS  (in  the  fig.  to  which  the  faid  Scholiui-n 
refers)  exprefs'd  in  parts  of  the  fquare  of  the 
right  Hne  S  V,  fet  down  the  quantity  of  the  An- 
gle SVA  agreeable  to  it,  and  the  length  of  the 
■fight  line  SA  exprefs'd  in  parts  of  the  right  line 
5Kalfo  agreeable  to  it,  For  from  that  and  the 
foregoing  Table,  and  the  known  diftance  of  a 
Comet  in  it  Perihelium,  froni  the  Sun,  you  may 
readily  know  the  Longitude  of  a  Corner  from 
the  Perihelium  when  feen  from  the  Sun,  and  the 
"■  '    Yy  y  4  diftance 
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^iftance  of  a  Cornet  from  the  Sun's  center,  a- 
greeable  to  the  Time  before  or  after  the  Perihe- 
lium.  For  5 1^  being  given  exprefsd  in  parts 
pf  the  mean  diflance  of  the  Earth  from  the  Sun 
(from  the  firft  Table)  you  will  readily  have  the 
Area  which  is  defcrib'd  (a  Radius  being  drawn 
50  the  Sun  )  by  the  Comet  in  the  fpace  of  one 
Day  or  one  Hour  ;  therefore  it  will  be  given 
exprefs'd  in  parts  of  the  fquare  of  the  right  line 
ySy  and  fit  for  this  Third  Table ;  and  therefore 
from  the  given  Time  before  or  after  the  Perihe- 
jium,  will  be  given  the  Area  yA  S  proportiona- 
ble to  the  faid  Time  in  the  faid  Parts ;  there- 
jFore  from  this  Third  Table  you  will  immediate* 
iy  have  the  Angle  fSA,  which  is  ihcHeliocen- 
trical  Longitude  of  the  Comet  from  the  Perihe- 
lium,  agreeable  to  the  propos'dArea,  and  there- 
fore proportionable  10  the  propos'd  Time,  and 
alfo  you  will  have  in  parts  oi  SV  the  length  of 
the  right  line  SA  agreeable  to  this,  which  by 
help  of  the  Rule  of  Three,  may  be  exprefs'd  in 
parts  of  the  Semidiameters  of  the  MagnwOrhU. 

But  from  what  has  been  faid  in  former  Propo- 
fitions,  other  Tables  alfo  may  be  conftruded, 
for  making  eafy  the  calculation  of  the  Comet's 
Motions,  tor  every  kind  of  Computation,  whicli 
\-  V  mijft  leave  to  the  Induftry  of  Aftronomers. 

SCHOLIUM. 
By  the  forefaid  Method,  or  one  like  it.  Dr. 
HaRey  has  determin'd  the  Orbit  of  the  Comer, 
which  appear'd  about  the  end  of  the  Year  1680, 
and  fome  of  the  following  Months,  which  he 
afTum'd  as  Parabolical,  and  found  fas  it  appears 
from  his  I-trtters  to  Sir  If,:r.c  Newten)  that  the 
Perihelium  of  its  Orbit  was  in  ^  27°.  22'.  30'*; 
and  therefore  its  Apheliuin  in  il  27°.  ai'.  30", 
"  ■     .  •  '(hat 
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that  the  principal  Latm  reitum  of  its  Orbit  was 
of  o,  0243  parts,  of  which  the  mean  difiance  of 
the  Earth  from  the  Sun  is  i .  Befides,  he  found 
this  Orbit  fo  plac'd  in  refpeA  to  the  Plane  of  the 
Ecliptic,  as  to  be  inclin'd  to  its  Plane  in  an  An- 
gle of  61°.  20'.  20",  and  the  afcending  Node 
in  Vf  i".  5-;',  and  the  defcending  one  in  ffi  i". 
y;',  and  that  the  Comet  mov'd  (bin  this  Orbit 
as  to  be  in  its  Perihelion  in  the  Year  1680,  on 
the  S'^'i  Day  of  December  Old  Stile,  6  Hour  4  Mi- 
nutes after  Noon.  He  found  alfo  the  Orbit  of 
the  Comet  of  the  Year  168;  figured  and  pofi- 
ted  after  the  following  manner,  -viz.  its  Perihe- 
lium  in  n  zj"'.  29'.  jo",  which  it  was  in  on  the 
5**  Day  of  Jtlyj  Old  Stile,  2  Hour,  yo';  the 
Lau*!  rtSium  of  this  Orbit  of  2,  2408  parts  of 
which  the  mean  diftance  of  the  Sun  from  the 
Earth  is  i,  the  Inclination  of  this  Orbit  to  the 
Plane  of  the  Ecliptic  8;°.  11',  afcending  Node 
M  23  ".23',  and  defcending  Node  in  ><  2;".  23'. 
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Aftronomy, 

Phyfical  and  Geometrical. 


The  Sixth  Book, 


Of  Comparative  jifironomy, 

IN  the  Five  foregoing  Books,  we  have  es- 
plain'd  Aftronomy  as  it  is  agreeable  to  cbe 
Inhabitants  of  the  Earth;  that  is,  we  have 
defcrib'd  the  Thanamena  of  the  Fix'd  Stars,  of 
the  Sun,  of  the  Planets  and  Comets  as  they  are 
feen  from  the  Earth,  and  we  h^ve  taught  how 
to  find  the  refpedive  Plages  of  every  one  of 
them  for  a  given  Time,  and  other  Things  of 
that  nature,  each  in  its  proper  place ;  And  now 
we  (hall  in  a  few  Words  (hew  what  kind  of  A- 
(Ironouiy  the  Inhabitants  of  the  red  of  thq  Pla- 
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nets  and  other  vaft  Bodies  which  are  difpers'd     - , 
over  the  Univerfe,  wou'd  eftabiifti.    Not  that     ^ 
we  believe,  and  much  lefs  affirm,  that  there  are 
any  fuch  Aftronomers  any  where  ;  but  by  fup-      \ 
pofing  the  Eye  to  be  plac'd  fometimes  in  one      1 
and  fometimes  in  another  of  the  Celeflial  Bo-    .  ] 
dies,  and  explaining  what  fort  of  Aftronomy  a      i 
Spectator  wou'd  eftablifh  according  to  his  diffe- 
rent Station,  we  hope  to  give  no  fmall  Light 
for  the  thorough  underftanding  of  chofe  Things 
which  we  have  faid  of  this  our  Earth;  For  we 
wou'd  not  fpeak  of  fuch  empty  Appearances, 
and  never  feen  or  likely  to  be  feen  in  any  one, 
unlefsit  was  for  this  end.  Therefore,aswegoon, 
wefliallnot  only  fuppofetheEyein  the  Planets 
which  move  about  the  Sun,  and  their  Satelliief, 
where  feveral  famous  Men  have  formerly  and  do 
now  believe  that  it  is  probable  that  there  are  In-    - 
habitants  endu  d  with  Senfe,  but  we  fhall  fup- 
pofe  it  alfo  in  fome  one  of  the  Comets,  in  the 
Sunicfelf,  and  in  theFix'd  Stars,  where  no  body 
has  ever  fuppos'd  Inhabitants. 

A  great  many  eminent  Men  have  taken  pain; 
to  illuftrate  this.  Plutarch  fays  many  things  with 
regard  to  this,  in  his  Book  of  the  Face  in  ibc  Orb 
cf  the  Moon,  Kepler  wrote  a  Book  of  Lmar  ^firo- 
nomyy  publifll'd  after  his  Death,  under  the  Titlo 
of,  The  Jfirommical  Dream,  in  which  he  fpeaks 
of  feveral  Phyfical  and  Aftronomical  Matters, 
as  he  always  does  every  where  elfe.  But  in  ex- 
plaining the  Phaenomena  feen  from  the  Moon, 
he  has  made  fome  few  Errors,  becaufe  he  took 
no  notice  of  the  Libration  of  the  Body  of  the 
Moon,  or  elfe  he  did  not  refer  it  ro  its  proper 
Caufes :  Therefore  1  have  been  forc'd  to  alter  it 
quite.  The  famous  Chrifiian  Hugtns  has  lately 
■publifii'd  a  T/jccTj  of  the  IVorU,  full  of  Learned 
I  ■  Con- 
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Conje<^re5,  in  which  he  has  fliewn  feveral  A- 
ftronomical  and  Phyfical  Confiderations  worthy 
of  his  Genius.  Bat  thcfe  two  ingenioas  Men 
were  in  earneft  about  the  Inhabitants  of  the 
Planets  j  efpecially  Hwgtns  who  did  not  at  all 
doubt  but  that  in  every  one  of  the  Planets  were 
Inhabitants  like,  or  at  leaft  not  Tcry  unlike 
thofe  of  the  Earth ;  and  to  this  ptupofe  it  \  ~ 
that  he  wrote  a  Book  rather  of  Phyfical  t" 
of  Aftronomical  ConfiJerations.  But  1,  ' 
have  only  undertaken  to  treat  of  Aftronomy, 
have  faid  nothing  concerning  the  Things  ne- 
ceflaty  or  convenient  for  the  Animal  or  Senfi- 
live  Life,  which  may  be  found,  or  are  wanting 
in  particular  Planets :  I  hare  only  plac'd  the 
Eye  (which,  with  the  Reader's  leave,  I  Ihal| 
Sometimes  call  a  SpeiSator)  as  beholding  things 
■bove  and  round  about  it. 

Beginning  by  the  Sun,where  the  Aftronomy  is 
moft  iimple,  I  ftiall  go  on  in  order  to  Mercury  and 
the  other  Planers:  The  moft  remataWe  Ph;ei\a- 
mena  belonging  to  every  one  fhall  be  treated  ot 
by  themfelves ;  but  thofe  that  are  common  to 
many  are  referr'd  to  one  and  the  fame  Propofi- 
tion.  Then  transferring  the  Eye  to  fome  Co- 
met, I  (hall  obferve  what  would  be  feen  from 
fuch  a  Placej  and,  by  way  of  Corollary,  we 
defcribe  how  our  Solar  Syftem  wou'd  appear, 
if  feen  from  fomeFix'dStars.  LaftlyjfeveralPhae- 
nomena  which  will  appear  to  a  Spectator  in  the 
Earth's  Attendant  the  Moon,  and  bcfides,  I  rec- 
kon up  feveral  Phxnomena  that  wou'd  appear 
from  one  of  the  Satellites  of  Jupiter  and  Saturn. 

I  mention,  by  the  by,  what  will  be  the  true 
and  what  the  apparent  Aftronomy,  in  thefe  dif- 
ferent Stations,  what  Conveniencies  they  will 
have,  and  what  Inconveniencies  they  will  be 
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lubjea  to,  who,  by  Obfervations  made  from 
thefe  Staciom,  woo'd  endeavour  to  find  the  true 
Syftem  of  the  Circum  folar  Planets,  and  mea- 
fure  thdr  Diftances  and  Magnitudes.  And  laft- 
ly,  I  fhew  which  is  the  moft  convenient  Situa- 
tion for  Aftronomy,  as  well  among  the  Primary 
as  among  the  Secondary  Planeti. 

The  Phenomena  that  are  look'd  upon  by  thd 
Inhabitants  of  the  Earth  las  principal,  I  alfo  e- 
Very  where  hold  as  principal,  -viz,,  the  Viciffi- 
tude  and  MeaTure  of  Day  and  Night  j  the  Ordef 
of  the  Fix'd  Stars;  the  apparent  Magnitude  of 
the  Sun,  the  Quantity  of  its  Light,  and  Intenfe- 
nefs  of  its  Heat ;  the  Length  of  the  Years  and 
Months,,  the  Summer  and  Winter  ;  the  Pbafes 
of  thcMoonsi  the  Eclipfes  of  the  Luminaries; 
the  Number,  Diredions,  Stations  and  Retrogra^ 
dationsof  the  Planers;  the  aptLtude  of  Phxnc- 
mena  for  the  finding  out  of  the  true  Syftem ; 
the  exaift  Accuracy  that  is  reguir'd  in  Obferva- 
tions that  are  of  ufe  in  Aftronomy,  and  other 
things  of  that  nature. 

PaOPOS  ITION  I. 

TO  defcribe  what  will  he  the  chief  Thanomtna'j 
when  the  Eye  it  in  the  San. 
If  the  Eys  is  fuppos'd  in  the  Sun's  Center, 
looking  round  about  every  way,  the  Fix'd  Stars 
and  all  the  Planets  will  appear  to  be  in  aSphera 
concentric  to  the  Eye,  as  it  happens  to  us  when 
we  look  from  the  Earth  j  and  indeed  the  Fix'd 
Stars  and  the  Milky  Way  will  appear  in  the  fame 
Order,  and  diftributed  into  the  fame  Conflella- 
lions  as  they  appear  to  us  Inhabitants  of  the 
Earth.  For  fince  the  Order  of  the  Fix'd  Stars, 
and  the  Figures  of  the  Conftellations  are  not 
chaug'd  in  refpeiS  to  ua  who  are  carried  with 
the 
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ihs  Earth  about  the  Siuij  it  is  plain  that  u  re- 
mains the  fame  to  the  Eye  placed  any  where 
within  that  Circle,  and  therefore  to  it  in  the 
Sun's  Center.     If  the  reprefentation  of  Things 
which  ^ve  names  to  the  Confteliacion  be  drawn 
forward  and  concave,  they  will  become  the 
Schemes  or  Conftellations  of  the  Ancients;  but 
if  they  be  drawn   backwards  and  convex,  rhey 
will  become  the  Modern  Figures  of  the  Con- 
ftellations, more  fit  for  artificial  Globes  than  for 
the  Heaven  icfelf. 
i      It  is  alfo  plain,thac  the  order'of  the  Fix'dStars 
I  will  remain  the  fame  if  the  Eye  be  on  the  fur- 
f  face  of  the  bun,  or  in  Mercury,  or  in  Venus, 
1  becaufe  they  are  contain'd  within  the.Orbit  of 
[  'the  Earth.    But  alfo  becaufe  of  the  immenfe  di- 
[  ftance  of  the  Fix'd  Stars,  upon  account  of  which 
t  it  happens,  that  tho'  the  place  of  the  Obferver  is 
I  mov'd,  the  whole  Diameter  of  the  Mignut  Orbis, 
I  the  order  of  the  Fix'd  Stars  does  not  appear 
I  chang'd  in  the  leaft,  if  the  Eye  be  in  Saturn,  the 
p  outmoft  of  the  Planets  of  the  Solar  Syftem,  this 
Order  will  remain  the  lame,  or  at  leaft  not  fen- 
iibly  chang'd.      For  the   change  of  Diftance, 
which  is  iiifenfible  to  us,  if  it  be  ten  rimes  great- 
er (which  may  happen,  becaufe  the  diftance  of 
Saturn  from  the  Sun  is  ten  times  greater  than 
that  of  the  Earth  from  it)  will  not  be  very  fen- 
fible. 

Tho'  the  Planets  feem  plac'd  among  the  fix'd 
Stars,  our  Obferver  will  in  a  little  time  diftin- 
guifh  them  from  the  Fix'd  Stars,  obfervethe  Pe- 
riod of  each  of  them,  and  cooipare  them  toge- 
ther, taking  the  Period  of  one  for  a  meafure,  to 
which  the  Period  of  the  reft  muft  he  referred* 
And  altho*  we  fuppofe  the  Obferver  unmov'd 
(becaufe  he  is  fuppos'd  in  the  Sun's  Center)  and 
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for  that  reafon  liable  to  no  change  of  Situation 
for  any  thing  like  itj  by  which  he  may  mea- 
fure  the  diftances  of  the  Planers,  he  will  natu- 
rally conclude,  that  of  two  Planets  compar'd 
together,  that  is  the  remoteft  which  takes  up 
more  time  to  return  to  the  fame  Fii'd  Stars  j 
and  therefore  that  Saturn  is  the  remoteft,  Jupi- 
ter nearer,  then  Mars,  then  the  Earth  below  it, 
then  Venus,  Knd  loweft  of  all  Mercury. 

Neither  is  there  reafon  to  doubt  but  that  the 
firft  Aftronomers  made  ufe  of  thatRule  for  find- 
ing out  theorderofthe  Planets:  (For  the  Opini- 
ons which  Tlutcrcb  inhis  -iA  Book  of  the  Opinions  of 
Thihfopherj,  makes  mention  of  that  of  Zemcrates, 
who  fuppos'd  the  Stars  to  move  in  one  and  the 
fame  Surface,  and  that  of  Metrcdorus  of  Chios  and 
of  Crates,  who  believ'd  the  Sun  to  be  plac'd 
higheftof  all,  and  after  it  the  Moon,  then  the 
fix'd  and  wandring  Stars,  were  either  the  noti- 
ons of  ignorant  Men,  or  as  I  am  more  inclin'd 
to  believe,  of  fuch  Men  as  had  a  mind  to  hide 
the  Truth  :)  thoit  be  more  difficult  to  apply  ic 
from  the  Earth  than  the  Sun,  by  reafon  of  the 
Stations  and  Retrogradations  of  the  Planets  feea 
from  the  Earth ;    therefore  we  have  been  o- 
blig'd  to  obferve  feveral  of  their  Stations  and 
Retrogradations,  to  know  from  their  mean  Mo- 
tions what  their  Periods  are.    But  the  whole 
Revolution  of  each  of  them  was  not  fo  eafily 
known;  becaufe  when    feen  from  the  Earth, 
they  did  not  after  one  whole  Revolution  return 
to  the  fame  Fix'd  Stars,  becaufe  the  Obferver's 
fitua.ion  is  not  then  in  the  (ame  place.    Not- 
wiihftanding  thef6lnconveniencies,they  believ'd 
Saturn  the  remoteft,  becaufe  the  moft  flow,  then 
Jupiter,  then  Mars,  and  the  Moon  loweft  of  all. 
£ut  concerning  the  three  remaining  ones,  name- 
ly 
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ly  the  Sun,  Venus  and  Mercury,  there  was  ftill 
left  rooni  co  difpute,  becaufe  ihey  found  their 
mean  Motions  equal  thro'  the  whole  ZoiiUad. 
Whence  fonie  ptac'd  Venus  next  to  Mars,  Mer- 
cury next  to  it,  and  then  the  Sun,  as  Plato  difi 
Younger  did  ;  others  put  Mercury  next  to  Mars; 
then  Venus,  and  then  the  Sun,  as  Verpl/rj ;  ^U 
fftragiui  makes  Venus  to  be  under  Mars,  then 
the  Sun,and  then  Mercury;  others  plac'd  the  Sun 
next  to  Mars,  then  Venus,  then  Mercury,  as 
Vtekmy  hiinfelf,  dnd  fo  the  Sun  was  number'd  as 
plac'd  in  the  middle,  in  the  order  of  the  Planetsj 
('Satum,  Jupicer  and  Mars,  being  above  it,  and 
Venus,  Mercury  and  the  Moon  below  it ; ) 
which  differed  very  little  from  the  moft  ancient 
and  true  Syftem,  in  which  the  Sun  is  in  the  mid- 
dle of  the  Planets,  which  about  that  time  wai 
fcarce  out  of  date,  at  leaft  not  in  the  Expreffi- 
on.  Others  in  the  mean  time  from  the  equality 
of  the  Mean  Motion  of  tbofe  three  Celeftial 
Bodies,  affirm'd,  that  Venus  and  Mercury  went 
round  the  Sun,  and  that  their  Orbits  were 
carried  by  the  Sun  as  Epicycles,  which  Opi- 
nion was  agreeable  to  Cicero  and  the  t^gyptiaa 
Philofophersj  unlefs  werathetthinkthat thisor- 
der  of  [hofe  three  Bodies  was  the  remaim  of  the 
true  Syltem  of  the  World,  not  yet  loft  among 

,  the  t^g)'pii.in  Priefts. 

But  cur  Solar  Obferver  will  have  no  fuch 
things  to  binder  his  Reafonings;  for  to  him  all 
the  Planets  will  be  continually  dired,  with  Pe- 

'  riods  altogether  diiFerenc,  and  will  appear  to  re- 

.turn  to  the  fame  Fix'd  Stars,  whence  their  Or* 
der  will  be,  without  hefication  lettled  from  the 
forefaid  Principle.  Which  in  courfe  of  Time  will 

•  be  more  confirm'd,  when  they  (  being  ealily  tli* 
ftinguiih'd  from  one  another,  either  by  their 
magnn 
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tude  obfcrv'd  before,  or  their  different  colout') 
an  Inferior  one  will  be  eafily  feen  to  cover  jl 
Superior  one. 

The  Spedatof  will  alfb  In  a  little  tinie  (indi 
that  if  he  compares  any  Planet  with  the  Fii'd 
Stars  it  will  fometimes  go  flower  and  fomedmes 
go  fwifcer,  arid  from  the  (aid  Rule  will  concluda 
that  it  is  fomerimes  nearer  and  fomecimes  fur- 
ther off,  which  will  appear  more  plainly  from 
the  change  of  its  apparci.t  Diameter.  But  wheii 
he  has  obferv'd  that  the  Velocity  is  not  Incrcas'd 
in  the  fame  Ratio  as  its  apparent  Diameter^  but 
almoft  in  a  duplicate  Ratio,  he  will  hnd  that  the 
change  of  Velocity  is  not  altogether  optical,  but 
that  half  of  it  is  really  in  the  Planet,  and  that 
the  other  half  appears  fo  by  teafon  of  the  great- 
er nearnefs. 

Tho'  he  e&flly  has  the  Order  of  the  Planets 
lightly  eftablifh'd,  it  will  not  be  fo  eafy  for  hlill 
to  compare  their  different  diftanccs  from  the  Sun 
one  with  another  -■  for  here  is  wanting  (whaf 
we  have  upon  Earth  j  the  tranflation  of  the 
Obferver  from  one  |5lflce  to  another,  or  the  di* 
Verfity  of  Stations,  by  which  he  may  compara 
the  different  Diftances  from  himfelf  with  the  di* 
fiance  of  the  Stations. 

If  we  remove  the  Eye  from  the  Sun's  Centef  t» 
its  Surfece,then  all  thefe  things  willbe  plain  from 
the  Parallax  of  the  Planets  .-For  the  horizontal 
Parallax  of  the  Earth  roan  Eyefo  plac"d,  is  equal 
to  the  Sun's  Semidiameter  feen  from  the  Earth, 
viz..  i6',  and  therefore  fenfible  enough  ;  and  the 
horizontal  Parallax  of  Saturn  himfelf  which  is 
ten  times  farther  diftant,  will  exceed  a  Minute 
and  a  half,  whilft  that  of  Mercury  arifes  nlmoft 
to  f  o'.  Since  then  thefe  Parallaxes  are  fenfible 
•nougjij  the  diftances  of  the  Planets  may  becom^ 
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par'd  with  the  Sun's  Diameter,  and  thctefore 
alfo  with  each  other.  The  Eye  beioK  thus  plac'd, 
all  the  rix'd  Stars  and  Planets  will  appear  to  re- 
volve ftom  Eaft  to  Weft  in  the  fpace  of  twenty 
five  of  our  Days.  The  Northern  Po!e  of  that 
Revolufion  will  be  in  that  place  which  We  In- 
babit.mrs  of  the-  Earth  reler  to  the  tenth  degK« 
of  Pifces,  with  a  Northern  Latimde  of  S;  or  84 
Degrees,  whence  the  ar^c  Polar  Swr  wiJJ  be 
at  the  fecond  flexure  of  the  Dragon,  and  which 
is  not  above  three  Degrees  from  the  Pole  t(fel£ 
The  South  Pole  will  be  in  the  tenth  Degree  of 
Virgo,  8;  or  84  Degrees  towards  the  Soutl^ 
near  to  a  Star  of  the  fourth  Migaiindej  whicb 
according  to  the  ingenious  Dr.  Halie^,  k  to  be 
feen  in  the  ficft  Oar  of  the  Ship  Argg. 

And  tho'  the  forei'aid  Obferver  h:^sno  victffi- 1 
rude  of  Night,  as  being  pUc'd  in  the  furface  ot  i 
9.  moft  lucid  Body,  which  makes  Day,  yec  d« 
Fix'd  Stars  and  Hamts  will  roaiie  u/jequal  Aro 
above  and  below  the  Horizon,  2^  they  <k- 
chn'd  towards  the  Pole,  which  is  laWd  abow 
the  Equator,  or  to  that  which  is  depre&'d  be- 
low it,  juft  as  it}  happens  to  us  iHhabitaiuj.ri 
the  Earth.  j  , 

The  Planers  feenfiom  the  Sunappear  of  diffewst 

oiignitudes.  The  diameter  of  Saturn  fut>rendsjn 

'  Angle  of  18",  thacof  Jupijer  of  about  Ao'V'iS' 

of  Mars  of  only  S'',  of  Venus  an  Angle  of  zff*, 

F  and  Mercury  20  !    The  famous  Hugtvt  lays  down 

1  xhe  Diameters  01  the  moll  remote  ones,  i-/j6,J» 

^  liicCi  and  Saium.  as  mticli  greatef ;  making  that 

j  «f  Jupiter  oi  almofl;  ^4  ;  and  that  of  Saturn 

.wi:iiotithisaing,of2V.  If  wemaketheEaithi 

'  Bppiirent  Diameter  from  x.\w.h\xn  to  be  a  meu 

f  tictween  the  Diameters  of  the  oeareft,  narmly, 

Pthe  apparent  Diaweccrsof  V?nuj  and.M«fcum 
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it  >vill  be  of  24"  ;  if  we  make  it  a  mean  beCween 
the  Diameter  of  the  four  neareft  to  the  Sun,(for 
the  two  fuperior  JiipJter  and  Saturn,  are  altoge- 
ther different  in  Magnitude  from  the  inferior 
PlanetsJ  it  will  be  <.  f  about  jS"  or  19",  fuch  at 
McCa^fli  ^yb  it  down. 

Of,  tJieA  fix  Planets  three  have  Satellites  j 
namely,  the  Eartti  has  o|ily  one,  which  is  the 
Mooii,  whidi  wil!  appear  to  he  diftant  fforti  it^ 
at  moft,  t;nly  ten  Minutejj  Jupiter  has  foufl 
Moons,  thpc  iurtliermcftcf  which  will  never  bd 
further  ffom  Jupicer  than  9' j  Samrn  app6art 
accompanied  witb  five  Sateilitts  (befides  iho 
Ring)  whofe  oyiermoil  ^oe^  about  as  far  from 
Saturn.  "Jhe'Wrtys  of  chcfe  Satellites  feen  froifl 
the  Suo  being  fome:im<jB  more  and  Jiimetimes 
leis cbliquely  fei;n,will  appear  Ellipf.s  ibmetimos 
broader  and  loinetimes  narrower.  Snraetirties 
thePianesof  thofe  Orbii>  produc'd  go  thro' the 
Sun,  in  which  cafe  the  Eilipfes  are  ciiang'd  into 
ui  right  lines,appearing  firft  a.  Very  narrow  Ellipfe, 
C  which  hiippens  twice  in  every  revolution  of  thai 
B  Orbit  about  the  Sun,  if  fo  be  that  the  Plane  of  it 
r  remains  paiallel  to  icfeif ;  whence  the  Satel^a 
vill  fometimes  appear  cpver'd  by  its  Primary, 
^nd  fometimes  again  to  cover  it,  and  at  anothei! 
time  to  move  in  an  Ellipfis  about  its  Difc. 
.  The  Primary  Planets  and  their  Satellites  hsiva 
their  Surfaces  not  only  not  fmooth  and  polifti'd^ 
feut  fo  ununiform  as  to  have  feveral  brighter  and 
barker  places,  that  is,  which  do  more  or  lefs  re- 
fle<a:  the  Rays  of  the  San,  by  which  they  are  en7 
lighten' d.  Thefe  Spots  by  the  Rutationoithe  Pla- 
nets about  their  proper  Ases,  defciibe  Circles  ; 
therefore  when  feen  from  the  Sun,  cheirWays  on 
the  plane  of  the  Planetary  Dilcwill  befumetimes 
^iptical  and  ibmetimes  (Ireigbt,  (as  the  before- 
~       ^^^^^BieBtioH|d 
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mentioned  Satellites  Ways),  according  as  the 
Sun  is  lifted  up  above  eitht.-r  fide  of  the  plane 
of  the  Circles,  or  b  found  in  ic,  as  it  is  ac 
the  rime  of  the  ^quinrx  of  that  Planet. 
If  there  are  fcries  or  heaps  of  thofe  Spots,  as  in 
Mars  and  Jupiter,  ihefe  will  be  feen  bent  into 
Semi-Ellipfes  (  for  the  other  half  of  the  £1- 
lipfis  lies  on  the  back  fide  of  the  Planet^  or  ex- 
tended into  right  lines ;  which  alfo  happens  to 
the  outward  £d^e  of  Saturn's  Ring.  But  ibme 
of  the  Spots  arc  fomerimes  hid  for  fotne  time, 
and  fometimes  appear  again  as  long  ;  namely 
when  a  Plane:  approaches  the  Pole  which  if 
turn'd  from  the  Sun  or  that  which  is  toward  it 
Thefe  things  are  very  obfeivable  in  Saturn  and 
the  Earth,  but  fcatce  in  the  others ;  becaufein 
ihem  the  light  of  the  Sun  always  reaches  from 
Pole  to  Pole. 

The  Eye  plac'd  in  the  Sun  will  fee  tio  Sha- 
dow nor  Eciipfe,  becaufe  they  are  always  turn'd 
from  the  Sun.  But  fomerimes  to  an  Eye  on  the 
furfsce  of  the  Sun,  when  the  Planet  is  in  tbe 
Horizon,  its  Secondary  will  appear  in  the  P&- 
nmnbra  of  the  Primary,  or  the  Penumbra  of  the 
Secondary  may  appear  caft  on  the  Difc  of  the 
Primary,  which  will  be  known  by  the  Cokrtir, 
which  will  he  fomi-'tbir.g  datler. 

Moreover,  the  Heliocentric  places  of  Planets 
fand  rlierefore  wich  more  difficulty  their  PlaffJ 
feen  from  a  point  on  the  Sun's  furface)  will  be 
.  eafily  decermin  d  by  what  has  been  faid  in  the 
J*"  Book.  Nay,  we  mufl  determine  every  Pla- 
net's Heliocentric  Place  before  we  can  detn- 
niine  its  Geocentrical  one. 

Befidesj  the  fix  Primary  Planets  and  the  t« 
Satellites  (for  hitherto  we  Inhabitants  of  the 
Eurth  have  feen  but  juftfo  many;  whicbwj 
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a  .^olar  Obfcrver  «vill  appear  rtf  move  in  a  Zodi- 
ac fcarc"  lixteen  Degrees  broad,  and  not  much 
inclin'd  to  the  Circle  of  the  firft  Motion,  and 
I  the  fame  way,  and  in  Orbits  almoft  concentric 
f  tocheSuni  befidesthem,  1  fay,  there  are  other 
I  Bod'es  uf  a  different  kind  whofe  number  is  yet 
d  unc(it^in,tnrn3din very excentricOi bits (call'd 
li  Comets;  wl.icn  fometimes  come  near  to  the 
b  Sun,  and  fyiin;times  go  off  to  iinmeiile  Diftan- 
p    ces  from  it.    Thtf.    Comets  will  appe^ir  to  be 

S   carried  among  the  Fix'd  Scars  not  all  the  fame 
way,  but  one  one  way  and  another  another, 
^  (tho"  every  fmgle  one  obferv'd  by  itfelf  will  al- 
g   ways  go  the  fame  Road  j  and  for  the  moft  part 
g   do  not  go  in  the  Zodiac  or  Way  of  the  Ph- 
il  nets,  but  in  ways  very  much  inclin'd  to  it,  but 
I     always  in  great  Circles  of  the  Sphere. 
pi       TheComecjarenot  only 'liilingiiifh'dfrom  the 
p  Planets  by  the  great  difference  cfi'heir  motion 
^  from  the  motion  of  the  Piaiiets.but  by  the  Hairi- 
.  pels,  which  being  feen  from  ch^  Sun,  does  not 
b  i'as  it  often  happens  with  refpe<a  to  us)   extend 
-5  |t  felf  like  a  Tail,  but  appears  always  to  eneom- 
L.  pafs  the  Head,  as  we  fee  it  when  a  Comer  is  in 
|A  oppolition  with  the  Sun  in  refpgd  to  tlie  Earth, 
,   But  fuch  a  Periwig  is  fomeching  thicker  towards 
!■■  tJiar  pgrt  among  the  fix'd  Stars  where  the  Cuinet 
.4  is  going,  but  more  extended  towards  the  con- 
It  trary  parts.    Moreover,  that  Haiiinefs  U  great- 
er    and    brighter   when  the  Comet  dei'cends 
J  to  its  Perihelium  i  not  only  upon  optical  ac- 
counts, becaufe  i:  is  both  nearer  to  che  Eye  and 
theSunwhich  enlightens  it  ;  hut  chiefly  becaufe 
the  Vapour  which  caufes  it  is  thrown  out  in 
greater  quantity,  by  reafon  of  the  encreafe  of 
,  the  Heat  which  caufes  it.     But  the  Periwig  ^- 

'Ut  a  Comet  will  not  even  then  appear  to  a 
-I ^„-^ __^^^^  ^jj,^^ 
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[  &olar  Obferver,  to  be  compar'd  to  that  wWch  at 
i  fci;h  a  time  wou'd  appear  to  a  Terreftila\  Ob- 

-   What  we  have  fiiid  Is  upon  fuppofition,  ftiat 

I  the  Eye  in  the  Sun  is  not  hindcr'd   by  the  At- 

jnofphere  about  it  from  feeing  as   far  and  a 

1    freely  as  we  do  in  the  Night  when  ihe    Moon 

I    does  not  fhine.      For  if  it  bad  a  ibarper  or 

i^ller  Sight,  it  plight  fee  other  thinp  further 

ofl*.(ir  left  enllghten'd,  or  not  fte    the  thingj 

ivhi(;h  wcbavememioo'd  J  but  i^'itfeeEtbem,  ii 

will  fee  them  in  :hs  foretncmion'd  manner. 

Biclides  the  forefaid  Pharnomcna  feen  fromfar, 

it  will  fee  a  great  miany  change*  cn  the  furfacc 

f     of  its  own  Habitation  :  For  at  cnt  time  it  will 

,    be  covcr'd  with  great,  ienk  and  frequent  ^oti 

or  IDands,  which  in  a  little  time  will  change 

their  figures  and  then  be  altogtiher  dUhpUKi 

and  vanifli ;  fomeiimes  for  a  Jong  rime  there  ap 

pear  no  fucliSpoc  f  at  leaftnotfo  great  or  denfej 

for  a  long  time.    But  to  an  ^ye  in  the  plact 

which  we  mention,  they  will  not  be  look'd  up. 

,      pn  as  Celeftial  Phenomena ;  therefore  w^  ffluni 

(^y  much  of  'em  in  this  place. 

Proposition  II. 

TO  defcrihe  •uibet  Yhammma  'UfUl  afpetrr  «  « 
Eye  in  Mercury, 
BefidesthePhiBiiomenaoftheorderoftheFii'd 
Stars,  which  agree  alike  wicli  an  Eye  pl^Jc'daov 
where  within  tlieOrbof  Satum.it  is  plain  that  the 
Eye  pofited  in  Mercury,  will  fee  the  Sun  almoit 
three  times  broader  than  we  fee  it  from  (hfl 
Earth,  becaufe  (by  Vrof.  40,  and  4s.  B.  i.)  Mer- 
cury IS  alraoft  threeiimesnearerto  theSunthan 
theEarth.  Whence  alfo  the  Solar  Difc  feen  from 
Mercury,  is  (even  times  greater  than  tiie 
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_  i  it  appears  to  us,  and  ("by  Pnf.  48.  B.  1.)  Mer- 
ettry  has  feven  rimes  more  Light  and  Heat,  ca- 
terii  fanhHsi  chan  the  Earth,  But  thefe  Quali- 
ties are  much  more  or  Itfs  intenfe  according 
to  the  differtm  diftnnceof  Mercury  from  the 
Sun;  for  its  Orbit  is  much  more  excetHric 
than  the  Orbit  of  any  other  Planet. 

The  accelerating  gravity  towards  the  Sun  is 
alfo  feven  times  greater  there  chan  here.  The 
denfity  of  Mercury,  and  conf^quently  theacce- 
leraring  gravity  of  Bod  ies  on  its  furface  towards 
its  Cent-er,  may  be  g:ither'd  from  Prop.  49.  B.  3. 
.  tho'  lefs  accurately  than  that  towards  the  Sun, 
becaule  it  is  only  done  anatogically.  But  we 
Ihal!  not  fpcak  of  fiich  things  here  or  in  the  fol- 
lowing Pagesj  as  not  belonging  to  the  Celeftial 
Fharnomena,  which  alone  are  to  be  confider'd 
in  this  place. 

It  has  not  yet  been  found  by  Obfervanon, 
whether  Mercury  turns  upon  its  own  Axis, 
tad  therefore  it  can't  be  certainly  defin'd 
whether  to  an  Eye  plac'd  on  its  furface,  al!  the 
things  without  will  appear  to  revolve  wi^h  a 
contrary  Motion  j  that  is,  whether  it  has  the 
Ticiffiiude  of  Day  and  Night,  much  lefs  what  is 
thefpace  of  its  NycfoiScwerofl  or  Natural  Day  ; 
but  one  niay  fafely  ertougb  conjecture  that  it 
doeshev^lve  about  its  Axis,  fince  the  other  Pla- 
nets do.  But  the  Year  tbf  Mercury  is  Icarce  e- 
gual  to  a-quflrter  of  olir  Year,  cho'  it  is  uncer- 
tain whether  it  has  different  Seafon?,  becaule 
tliey  depend  upon  the  inclination  ofthe  A\isof 
its  Rocijtion,  which  is  unknown  to  the  plane  of 
the  Orbit  which  it  d«!crih^s  about  the  tun.     ■■ 

The  Eye  phc'd  in  Mercury  looking  at  thfe 
Sun,  will  fee  the  Sun's  Spots  (when  it  ^as  anv) 
foraerimes  in  a  right  line  crofling  his  Dilc  from 
.'  2  z  z  4  Eaft 
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E^ft  to  Weft,  at  another  time  their  Way  will 
appear  elliptical  and  curve  toward  one  fv4c  or 
t'other;  as  wasfhewn  intheSciSn/.  of  Pre^. 70. B.4, 
9nd  all  the  variety  of  this  Pharnonniniin  wiil 
happen  in  one  Year,  in  which  the  Track  pr  Way 
pf  the  Spots  will  appear  twice  reailippal.  In 
this  cafe  Mercury  will  fee  all  the  Spcis  on  the 
£un's  furface,  becaufe  being  in  the  phne  of  the 
Sun's  Equator  it  will  fee  each  of  its  Poles  in  ths 
margin  or  edge  of  the  Difq.  But  when  the  Eye 
is  raib'd  above  the  plane  of  the  folar  Equator  to- 
wards either  Pole;  that  is,  when  the  Spots ap^ 
pear  to  dftfcribe  an  Ellipfe,  one  Pole  and  the 
Spots  near  it  are  hid  in  the  Sun's  hinder  Hemi- 
fphere.  Eut  in  every  cafe  a  Spot  nesr  the  Sun's 
limb  will  appear  of  a  Figure  different  from  that 
yhich  it  had  in  the  middle  of  the  Difc,  as  being 
very  obliquely  feen. 

But  the  Way  of  the  folar  Spots  feen  from 
Mercury  will  be  almoft  always  ftreight ;  becaufe 
^larcury  never  much  declines  frotn  the  Plane  of 
the  Sun's  Equator,and  therefore  not  fenfibly  froiE 
the  Planes  of  the  Circles  which  the  Spots  de- 
fcribe  by  their  rotation. 

And  as  the  Plane  of  the  Orbit  of  the  parth  is 
nioft  of  all  inclin'd  to  the  faid  Plane  of  the  Suti'i 
Equator,  the  Way  of  the  Spots  feen  from  the 
Earth  appears  more  curvp  than  if  the  Snn  was 
feen  from  any  other  Planet.  This  Curvature 
will  be  fomeching  lefs  feen  from  Jupiter  or  Mars, 
and  yet  kfs  from  Saturn,  lefs  ftill  from  Venut, 
and  leaft  of  all  from  Mercury,  as  we  juft  fatd. 
Mercury  will  alfo  fee  the  Way  as  well  of  the  Sa- 
tellites as  of  the  Spors  of  the  other  Planets,  fomc- 
times  extended  in  a  right  line,  fometimes  bent 
in  a  curve,  and  fome  of  them  fometimes  hid  for 
9  great  winlc,  aqd  rome^imes  as  Jong  vifible,  a^- 


(fording  as  they  are  near  to  or  diftant  from  the 
hidden  or  feen  Pole  of  the  Planet. 

The  other  five  Planets  are  fuperior  to  Mercu- 
ly  :  therefore  their  Phenomena  are  to  an  Eye 
plac'd  in  Mercury,  as  the  Phacnomena  of  Mars, 
Jupiter  pnd  Saturn  lecn  from  the  Earth,  con- 
cerning which  fee  rhey^h^  S^^  ant!  9'''  Propofi, 
tions  of  the  firfl:  Book.      Therefore  Venus  and 
the  Earth,  when  they  are  in  oppofition  viih  the 
Sun,  will  (hine  widi  a  full  Orb  and  refleflinji  the 
Sun's  Rays  very  dire<aiy  will  fhine  upon  Mer- 
cury ail  Night,  and  powerfully  expel  the  Dark- 
Iiefs.    For  fince  Venus  when  it  is  horned,  and 
Ihews  the  leaft  part  of  its  enlighten'd  Hemi- 
fphere  to  the  lohabicants  of  the  Earth,  is  fo 
bright  as  to  caft  a  Shadow,  ic  will  appear  very 
bright  tp  Mercury,  to  whic'i  it  turns  its  whole 
enlighten'd  Hemifphere,     TlieEaifh  alfo  has  a 
great  power  of  refleding  thp  Sun's  Rays,  as  it 
appears  from  tha: Light  which  it  calls  upon  that 
part  of  the  Moon's  Difc  which  is  curn'd  towards 
it  :  But  being  as  well  more  diftant  from  Mer- 
cury, which  is  to  be  enlighten'd,  as  from  tho 
Sun  from  which  ic  receives  its  Light,  it  will  do 
much  lefs  in  this  cafe  than  Vcpus,  unlefs  it  ftiou'd 
be  more  apt  to  reflect  Light  than  Venus,  which 
is  not  likely.     The  fuperior  Phnets  do  yet  ertT 
lighten  Mercury  with  a  weaker  Light  than  they 
^o  ns. 

Mercury  fees  no  infi;rior  Planet  known  to  us, 
and  theretpre  fees  no  celeftial  Body  falcated  or 
horned;  and  ' therefore  a  SpetStator  there  will 
want  the  Argument  taken  from  fuch  Phafes  of 
the  Planets  to  eftablifli  the  true  Syftem  of  the 
World  :  For  the  Phafes  of  the  inferior  Planets 
Jiave  clearly  fliewn  that  they  mov'd  about  the 
Sun  J  whence  ic  was  nutural  co  think  the  liime  of 
.".,     "  the 
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die  ortwr  MotionB.  But  neverth«lefs,  tbo'  we 
don't  fee  any  Planew  inferior  K>  Mercary,  it 
does  by  ho  means  follow  thst  there  are  no  lach : 
for  Mercury  himfelf  is  feldom  ften  in  our  ob- 
lique Sphere,  and  one  char  ftouM  be  much  infe- 
rior CO  it  wou'd  never  be  feen  Dpon  account  of 
its  nearnefs  to  rhe  Sun. 

An  Obferver  in  Mercury,  ai  well  as  we  upon 
£arth,  w^nts  Mediums  to  compare  the  Diftances 
and  Diameters  of  the  Celeftial  Bodies  wtth  rhe 
Diameter  of  his H3bitariQn,or  with  his  ownMea- 
fures,  unlcfs  he  has  very  exai^  Infti-uments.  ¥or 
the  Parallax  of  the  Sun  feen  from  Mercar y  (aj 
far  as  we  can  guefs  from  Analogy)  is  ieG  tlwn 
its  Parallax  when  feen  from  the  Earth  j  the  ap- 
parent Diameter  of  Mercury  feen  from  the  Sun 
been  lefs  than  the  Diameter  of  the  Earth  fcefl 
from  ir:  and  Venus  when  in  oppofition  with  th^ 
Snn,  and  rlwrefore  nearcft  to  Metcary,  is  neat 
as  far  from  Mercury  as  rhe  Sunj  and  therefore 
ehe  Parallax  of  Venus  feven  when  Mercury  in 
its  Aphelium  fees  it  oppolire  to  the  Sun,  ami 
confequently  ncareft  of  all  to  ic  felf  ^  is  not 
greater  than  the  Parallax  of  ehe  San  feen  from 
the  Earth.  And  thefe  are  the  two  great  Bodies 
of  the  World,  near  to  M&rcury,  which  have 
the  moft  fenfible  Parallax. 

But  hecaufe  Mercury  changes  its  place,  a  Spf- 
^ator  in  Mercury,  by  Obfervations  made  from 
■  diife rent  Stations,  will  garher  the  ratio  between 
thediftanceof  Mercury  from  the  Sim,  and  the 
diftance  of  any  other  Planet  from  it,  afte/the 
fame  manner  as  we  Inhabitants  of  the  Eajrfi  do 
it  from  the  Parallax  of  the  Magnm  Orkh.  But 
certainly  ic  cannot  be  fo  fafely  determin'd  bc- 
cauforhe  diftance  of  Mercury  from  the  Sun  is 
not  fo  great  in  refpet^  of  the  diftance  of  the  o- 
ther 
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ther  rianets,  as  the  diftance  of  our  Earth  from 
the  oun.     But  as  it  is  yet  fenfiblc  enough  in  re- 
fpeift  of  them,  being  about  the  five  and  twen- 
tieih  p^rt  of  the  diftance  of  Saturn  from  the 
Siiftj  thcratir  of  allthofe  diftances  will  conve- 
niently enoi'gh  be  determln'd  by  Obfervations 
made  in  Mercary,  if  fo  be  that  the  Obferver 
knows  the  motion  of  its  Habitation  about  the 
Sun.    But  if,  trufting  to  his  Senfss,  he  thinks 
his  Mercury  to  be  immovable,  he  won't  be  able 
to  do  even  this,  any  more  -ban  our  Aftronomers 
Inhabitants  of  the  Earch  as  long  as  they  look'd 
upon  the  Earth  as  immovable;  which  is  evident 
from  the  Diftances  of  the  Planetary  Orbits  aC~ 
fign'd  by  the  Followers  of  VtoUmy,  fo  vaftly  dif- 
ferent from  one 'another,  and  yet  agreeing  well 
enough  with  thePha:nomena.    Forin  the  Syftem 
whereby  the  Obferver's  Place  is  ftippos'd  un- 
mov'd,  if  an'Efiicycle  be  fuppos'd  for  anyone 
of  the  fuperior  Phnets  to  run  tliro'  in  one  Re- 
volution about  the  Sun,  and  fufficient  to  explain 
its  greateft  obferv'd  diltance  from  the  place  in  its 
excentric  near  theQuadratUre  with  the  Sun,  the 
Semidiameter  of  the  EsCemric  which  is  the  De- 
ferent of  the  Epicycle,  may  (without  contra- 
diding  the  Phenomena)  be  taken  of  any  mag- 
nitude, fo  that  it  be  fach  that  the  Planet,  when 
neareft,  may  be  further  from  the  Eanh,  than  ' 
what  wou'd  make  its  diflance  liable  to  be  detin'd 
from  the  Parallax  :  nay,  nothing  hinders  Mars 
from  being  pl3c'd  above  Jupiter,  or  Saturn  be- 
low Mars,  unlefs  it  be  the  Rule  given  in  the 
foregoing  Vnf.  and  that  depends  upon  Sagacity 
and  not  Demonftration. 

The  Places  of  the  Sun  and  all  the  Planets, 
feen  from  Mercury,  are  found  the  fime  way  as 
When  feen  from  the  Earth,  and  defin'd  by  the 
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help  of  the  Tables  in  B.  3,  For  fince  oat  of  ihenj 
the  Heliocentric  Places,  as  well  of  Mercnry  as 
■  of  any  other  Planet  are  readily  defin'd,  theHei- 
mocentrical  Place  of  this  other  wijl  be  defin'd 
i)y  an  Operation  like  the  operation  of  the  40''' 
Trcf.  B.  ;.  which  is  alfo  true  of  any  other  Planet, 
and  therefore  I  Ihall  not  repeat  it  in  the  follow- 
ing Propofiticns. 

The  Phjcnomcna  of  the  Comets  feen  firom 
Mercury,  or  any  other  of  the  Planets,  are  aA- 
moA  the  fame  as  their  Phxnomena  feen  from 
the  Earth,  of  which  we  fpake  in  the  foregoing 
Booifi  for  they  differ  in  nothing  but  their 


PapposiTios  in, 

TO  4efcrihe  the  Vbanomena  as  fiat  by  an  Eye  I'tf 
Venus. 
In  Venus  the  Sun's  Diameter  appears  afmoft 
as  little  pgain  as  it  does  in  Mercury,  and  once 
\  and  a  half  greater  than  to  us  onEaiih.   Whence 
the  Sun's  Difc  feen  from  Venus  is  more  than 
twice  greater  than  from  hence  by  us,  and  alfo 
the  Light,    Heat,  and  accelerating  Graviry  to 
wards  rhe  Sun,  are  encreas'd  in  the  fame  Pro- 
L  portion. 

Venus's  Year  Cn^mely,  its  Period  about  the 
>  Son)  is  equal  to  feyen  and  ahalf  of  ourMon::hs: 
put  the  Day  in  Venus  is  almoA  an  Hour  lefs  %\i2a, 
our  Day. 

Venus  fees  four  fuperior  Planets,  whofe  Ph*- 
nomcjia  therefore  are  like  thofe  of  Mars,  Jupiter 
and  Saturn,  feen  from  the  Earth,  or  all  of  them 
feen  from  Mercury.  But  our  Earth  feen  in  op- 
pofttion  with  the  Sun,  and  for  the  whole  Night, 
fince  (by  Pnf.  9.  B.  x.)  it  ihines  with  a  full  Orb^ 
will  appear  very  bright  j  and  this  Li§ht  will  b? 
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encreas'd  by  that  of  our  Moon,  fiiining  alfo  af 
that  rims  with  a  full  Orb.  The  Moon  will  ap- 
pear always  to  accompany  the  Earthy  as  it  really 
dues,  and  fomerimes  will  be  above  half  a  degree 
diflant  from  •'he  Earth. 

Venus  has  only  one  inferior  Planet,  namely. 
Mercury,  which  is  neve£  farther  i^iftant  from 
the  Sun  than  about  ;8  Degrees,  and  which  will 
appsT  in  the  fame  manner  to  Venus,  as  Venus 
and  Mercury  do  to  the  Inhabitants  of  the  Earth, 
concerning  which  fee  Bock  i.  Prep.  4,  5-,  and  6. 
An  ObfLrver  in  Venus  will  not  want  means 
to  compare  the  diftances  of  celeftial  Bodies  with 
his  own  mtafures ;  for  he  will  compare  the  Dia- 
meter o[  his  Venus  wifh  the  Meafures  which  he 
commonly  r.iakes  ufe  of,  as  we  do  our  Earth's 
Diameter  wi.h  our  Meafures,  by  Schol.  Prop.ij. 
B.  2.  and  the  ParaHrix  of  the  Earth  in  oppofition 
to  the  Sun,  is  fom'  times  greater  than  the  Paral- 
lax of  the  Sun  leen  from  the  Earth,  and  there- 
fore not  altogether  infenfible:     Therefore   h6 
knows  the  ratio  of  the  Diameter  of  his  Venus  to 
the  Diameter  of  the  Earth  oppofite  to  the  Sun, 
and  Retrograde  from  Venus ;  that  is,  the  difFe- 
sence  of  the  diftances  of  Venus  and  the  Eartli 
from  the  Sun;  but  the  Parallax  of  the  othec 
Planets  (even  when  neareft  to  Venus)  is  almoft 
infenfible.    If  the  Obferver  in  Venus  knows  that 
Venus  moves  about  the  Sun,  he  will  from  thence! 
gather  the  diftances  of  the  Planets  from  the 
Sun,  as  the  Inhabitants  of  the  Earth  do:  And 
from  the  ratio  between  two  Quantities,  and 
their  difference    being   given,    the  Quantities 
themfelvEs  are  alfo  given,     and  confequently 
thofe  others  having  given  Ra-rios  to  one  of  the 
faid  Quantities.    But  if  he  does  not  know  that 
his  Habitauon  moves,  he  will  indeed  (by  the 
Rule 
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Rule  given  in  Proj>.  i.)  fettle  by  conyedurej 
the  Order  of  the  Superior  Planets,  but  not  their 
Diftances,  as  has  been  faid  in  the  foregomg 
Propolition  concerning  Mercurial  Aftronoraerj. 
He  will  have  the  fame  reafoij  of  doubting  oi 
the  order  of  Mercury  and  the  Son  as  the  An- 
cients (  Inhabitants  of  the  Eanh )  had  of 
doubting  of  the  order  of  Mercury ,  Venus, 
ftnd  the  Sun  ;  lome  faying  that  Mercury  13 
above  the  Sun  in  refpeift  of  Veni«  at  reft  in  tijo 
Center  ;  others  faying  that  it  is  below  it ;  amj 
lallly,  others  faying  that  Mercury  moves  about 
!the  Sun  as  the  Center  of  its  oiotion.  But  at  b^ 
ft  will  be  out  of  doubt  that  Mercwy  moves  a- 
^  bout  the  Sun  when  the  Sight  can  be  to  far  help'd 
as  tp  make  its  Phafes  vijibie.  For  before  that, 
6ne  may  (without  contraditfting  the  Phsnome- 
ti?i)  err  fo  much  in  the  eftimate  of  the  Diflan- 
Ces  of  the  Planets,  that  if  an  Epicycle  be  al- 
fow'd  to  Mercury,  whofe  Diameter  fcen  from 
Venus  is  equal  to  two  Signs  and  a  half,  and  its 
Center  be  plac'd  in  a  Line  joining  the  Sim  and 
"Venus,  or  produc'd  beyond  the  Sun,  the  Defe- 
*en:  of  the  Epicycle  may  be  plac'd  beyond  tba 
Sun's  Ocbii,  or  any  where  Ihort  of  it,  if  fobs 
that  it  exceeds  the  limic*  of  a  Diurnal  Parallax. 
Which  is  plain  from  this,  that  in  the  Syftera  of 
flie  Earrh  unmov'd  (without  contradiiaion  to 
5he  PhKnumena  then  known  >  the  Deferents  of 
rtle  Epicycles  of  Mercury  and  Ve;ius  are  plac'd 
^r  ihort  of  the  Sun)  by  almoft  all  the  Aftrono- 
tners  who  are  the  followers  oi  PioUmy  -,  thp'iwj 
fhere  is  no  Body  but  what  may  of  of  himft 
ftifcover  that  chofe  Planets  go  round  the  San* 
Having  once  decerrain'd  the  dillances  of  cl 
Planetary  Orbs  from  the  Sun  in  the  true  Syflai^^ 
of  Venus  moving  about  the  Sujo,  if  another  SI 
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flronomcr  will  have  Venus  fhis  Habitation)  co 
be  in  the  Center  of  the  World  and  unmov'd,  ha 
may  luppofe  it  two  ways  according  to  the  Laws 
of  Optics,  tirft,  that  Vt:iius  being  in  the  Cen- 
ter, the  Sun  cosether  wirh  all  the  Planets^  and 
thi-ir  Orbits  which  they  defcribe  about  the  Sun 
will  more  the  fame  way  in  right  lines  parallel 
to  each  other ;  fuch  an  Obferver  in  Venus  will 
have  ths  Tychonk  Syftem,  namely  one  in  which 
^  Sun  is  carried  in  an  Orbit  equal,  fimilarjand 
coinrary  to  ihac  which  Venus  does  really  de- 
fcribe  about  the  Sun,  and  all  the  Planets  with 
their  Satellii  es  (except  that  ihey  are  carried  fay 
the  Sun  about  Venus)  will  perform  the  fame 
motions  about  the  Sun  which  they  do  in  ths 
true  Sylem,  the  Primary  Planets  in  Epicycle^ 
atid  the  .SateJUtesinEpicycio-Epicycles;  and  the 
Orbit  of  ihe Earth  willinterfeft  the  Sun's  Heaven 
juflas  the  Orbit  of  Mars  in  the  Scheme  oiTycho 
on  £:irth.  But  the  Orbit  of  Jupiter  does  notinterp 
fedttbut  contain  theOrbic  of  the  Sun  in  fuchaSyn 
ftfjm  on  Maj3.  Secondly,  An  Aftronomer  may 
rightly  cftabiiOi  8  Syftem  of  Venus  unmov'd  in 
th&  Center,  if  after  he  has  promoied  his  Venus 
ttjithe  central  place,  and  at  the  fame  time  made 
the  Sun  anti  iii  ihe  Planets  go  inright  lines  pa- 
rallel to  eaph  otiher  as  before,  but  not  the  Or* 
bits  of  the  Planets,  which  he  keeps  unchang'd, 
and  the  fame  Which  they  defcrib'd  about  tha 
Sun  (whilft  it  remain'd  in  the  Center)  becaufe 
our  Aftron<>mer  makes  them  move  in  fuch  Or- 
bit about  himfelfj  and  he  will  on  his  Venus 
have  the  Btdtmek  Syftem,  in  which  the  Sun  ia 
carried  about  Venus  after  the  manner  explain'd 
in  the  Tyclwnk  Syftem,  and  every  Planet  ii 
mov'd  in  an  Epicycle  equil,  fimilar  and  con* 
tfariiy  pofit«d  to  thi;  uae  Orbit  of  Venus  aboui 
the 
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the  Sun;  but  the  Center  of  the  Epicycle  is  car- 
ried inthe  fameOrbitanil  after  thefame  manner 
that  the  Plarst  .c  Icif  was  rtiov'd before  the  Sun 
was  thruft  u'it  of  the  Central  place  to  put  Venus 
there,  and  the  Epicyle  of  the  Earth  defcendsin-^ 
to  the  Heaven  of  the  Sun  after  the  fame  manner 
that  the  Epicyle  of  Mars  does  in  fuch  a  fort  of 
a  Syftem  upon  the  Earth,  which  alfo  w/Jl  be: 
I  true  in  any  other  Planet  befides  Mar^.  Thus 
wou'd  the  Pro/fw-ic  Syflem  be  made  ccnTtftene 
with  itfelf,  and  thi;  motion  of  the  Centre  of  the 
Epicycle  be  taken  away  from  the  Sun,  and  the 
motion  of  the  Planet  in  the  Epicycle  be  afcrib'd 
to  it  as  well  in  the  inferior  as  in  the  fuperior 
Planets ;  and,  univcrfally  this  Syftem  wou'd  a* 
^ree  with  all  the  Phxnottiena  as  well  sts  tb( 
True  ont,  or  as  the  Tychbmc  one.  Thefe  tWo  Sy* 
items  (namely  the  Ptolemaic  and  the  Tychome ) 
interchange  the  Deferents  and  the  Epicycles  e 
For  the  Tychotiic  makes  the  Deferent  the  /ame 
and  equal  for  all  the  Planets,linillarj  and  contra- 
rily  pofited  to  the  Orbit  of  the  SpeAator's  Pla- 
net about  the  Sun,  but  wirh  ditFerent  Epicycles, 
limilar  and  limilarly  pofited  to  the  true  Orbits  of 
the  refpeiftive  Planets  about  the  Sun  j  for  in  thii 
Syftem  the  Sun  has  Do  Epicycle,  as  in  the  Trw 
one  it  has  no  Orbit,  for  in  fuch  a  Syftem  the  E- 
picycle,  and  in  our  true  one  the  Orbit  is  on- 
ly look'd  upon  as  a  point,  which  Figores  are  ft'' 
milar  and  limilarly  pofited.  But  the  Ptolemau 
Syftem  gives  all  the  Planets  Epicycles  equal  to 
the  Orbit  of  the  forefaid  spectator's  Planet  about 
the  Sun,  fimilar  and  contrarily  policed  to  it,  but 
different  Deferents,  namely,  the  fame  as  their 
rcfpeiSive  Planets  Orbits  about  the  Sun  io  th« 
true  Syftem.  But  becaufe  the  Syilem  aflertcd 
by  the  Ptvlerfmies  is  not  made  out  of  the  uue  Sy* 
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ftem,  buc  built  by  degrees  on  the  Phenomena 
without  the  help  of  tht;  true  one  j  ,:hereforein 
it  the  proportions  of, the  Deferent  Orbs  (as  the 
followers  of  it  make  their  Syftem)  is  pnknown^ 
and  only  the  ratio  between  the  Deferent  and 
Epicycle  of  each  Planet  is  fettled  from  its  nw)- 
uons ;  whence  it  happens  that  in  Saturn,  jupi-1 
ter  and  Mars  the  femidiameEer  of  the  Deferent 
Cfrom  Piolem/s  own  Numbers)  is  to  the  Semidt- 
ameter  of  the  Epieycle  :is  the  Diftance  of  aPla- 
net  from  the  Sun  to  ,ihe  Diftance  of  the  Earth 
from  it.     But  as  in  the  Tjt,cho7;ic  S)  ftem  all  Pla- 
nets have  the  fame  Deferent,  if  from  the  motioij 
of  any  one  be  found  the  ETue  ratio  between  its 
Epicycle  and  Deferent,  there  will  be  found  Ux 
aquo)  the  ratio  between  the  Epicycles  of  them 
alli  that  is,  between  the  Orbits  of  all  the  Pla- 
ijets ;  and  nothing  elfe  is  done  by  the  true  by- 
ftem.    The juftSyftem  tii  Ttohmy  (that  is  the 
Pfo/ow^/V  Syftem,  built  on  the  foregoing  Princi- 
ples) fuppofes  the  Epicyeles  of  the  inferior  V\z-; 
nets  equal  to  the  Sun's  Orbtc  :  fiut  as  it  appear'd 
monftrous  to  make  an  Epicycle  greater  than  its 
Peferent,  therefor?  the,  Tf-iUwakt  chang'd  the 
Deferent  of  each  of,the  inferior  Planets  inro  an 
Epicycle,  but  yet  in   fuch  manner  that  both 
^which  they  cou'd  not  hipdcr  '  the  Deftn^ntand 
!j|the  Epicycle,  (hou'd  retain  their  nature  ;  name- 
j-iVi  that, the  motion  of  the  Epicycle  in  the  De- 
^fcrtiK  ftiou  d  be  join'd  to  the  Sun,  and  the  Pla- 
net's motion  in  the  Epicycle  fhou'd  be  off  from 
(he  Sun.     By  this  change   they  left  their  genu-; 
'ine  abovB-defcribd  Syftem,  and  as  it  were  fell 
into  the  Tych(/nic  j  and  the  Pw/ew^/c  Syftem  of 
|he  inferior  Planets  differs  from  the  Tycbrnie  on- 
'ly  in  this,  that,  without  knowing  the  true  Se- 
toJ^imneter  cf  ih«  Deferentj  it  lays  down  ohijr 
A  a  a  a  th# 
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the  Prue  ratio  between  the  Semidiametet  of  the 
Deferent  and  the  Semidiameter  of  the  tpicy- 
cle  ;  and  That  according  to  Prolan^  15  the  fame 
with  the  ratio  of  the  Diftance  of  the  Earth  from 
the  San  to  the  Diftance  of  the  &id  inferior  Pla- 
net in  the  true  Syftem.  And  the  forcfjid  two 
Syfteuis  are  matJe  by  retaining  the  PlanetATy 
Orbit  of  the  triieSyfteni;  but  if  you  change  rhem 
you  may  make  an  infinite  number  of  SjyfteiitS, 
each  of  which  wili  agree  with  the  Phenomena, 
nay,  find  the  place  of  every  Planer  to  he  the 
fame  in  refpeft  of  the  Earth  (thM  is,  a  tisht 
linelieing  drawn  the  fame  in  Magnitude  and 
Pofition)  as  that  in  the  true  Syftem  ;  and  none 
ot-  chefe  Syflenis  wou'd  be  fonnd  ro  be  fatle 
wirhout  the  help  of  Natural  Phiiofophy. 

We  have  more  than  a  bare  fnfpicion  to  incline 
us  to  believe  that  Venus  has  a  Satellite,  frtim 
the  Obfervations  of  that  curious  ARronomet 
Mr.  C-:fm-,  made  by  chance  in  the  two  YcarJ 
1672  and  i68(5 ;  Tntlie  laft  ot  which,  on  thf 
aSf  *■  day  of  Au^ufi^jii  k  quarter  after  Four  in  the 
Morning,  through  a  34  Foot  Tefefccpe,  he  for 
a  quarter  of  an  Hour  fti^  as^t  Were  a  SatelJJK 
of  Venus  diftaitt  from  V&rtusaboiit  -f  of  the  Di- 
ameter of  Venus,  of  the  fame  Phafis  as  VenuS; 
C^i  if  ought  to  be,  fince  their  fitUation  in  refped 
of  the  Sun  enlightning,  and  the  Earth  feeijig, 
was  the  fame)  but  of  no  regular  Figure,  ami 
of  a  Diameter  Which  was  about  a  fouFth  part  of 
Vemis's  Diameter.  That  Mr.  c#f;/  did  not  f« 
that  SateMire  at  any  other  time  tho'  he  much 
enaeavour'd  it,  might  be  owing  to  this,  that  l!i! 
iilrlaceofthat  Satellite  is  lefs  apt  to  reflet  [ht. 
Sun's  Light,  as  we  find  rhe  feme  chine  trcre 
refpeft  of  the  Spots  Of  our  Moon.  For  if  cu., 
^-hole  Moonfhcu'd  as  wealily  teficci  thfrligf^l 
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as  iks  dafkeft  Spots  do,  it  wou'd  fciarce  be  vifible 
at  Venus,  and  appear  of  an  Jfrcgularly  terml- 
ilated  Figure  :  Yet  we  muit  confefs,  that  fuch 
a  Satellite  of  Venus  (ifithSs  one)  is  ofa  very 
different  nature  from  its  Primary,  which  does 
fo  powerfully  and  fttongly 'i-eHecl  the  Light  of 
the  Suiijihat  Hugtnsvi'nh.  a  Taleicope  of  6oFt)dt 
coud  fee  nothing  like  a  Spdt  in  it  j  which  te 
alfr  the  reafon  why  the  pofition  of  the  Axis  of 
its  diurnal  Rotation  is  not  defin'd.  But  this  dif* 
ference  between  Venus  and  its  Satellite  does 
perhaps  arife  frptn  this,  chat  it  is  not  the  folid 
Globe  of  Venusj  but  an  Atmofphei  e  about  it  ve- 
ry denfe  and  fuH  of  Vapours  which  retlefls  ths 
Sun's  Light  K)  us,fuch  an  one  as  which  is  want- 
ing to  its  SiiceHitC;  as  it  happens  in  our  Moon, 
tho'  the  Earth  is  encompais'd  with  an  Atmo- 
fphefe  denfe  enough  and  full  of  Clouds,  whitJh 
wou'd  hinder  an  Obferver  in  Venus  from  per* 
ceiving  thedlftinifHon  of  Seas  and  Land,  but  ha 
Wou'd  fee  its  Surface  almoit  Imooth  ai:d  tqual- 
iy  enlighten'd,  fuch  as  Venus  appears  to  us.  If 
Venus  has  its  Moon,  it  is  almuft  in  all  refpeiSl 
like  our  Earth,  from  which  it  differs  lefs  in  the 
quantity  of  ifs  Day  and  Nighty  and  degree  of 
Heat,  than  any  other  PKinet. 

Proposition  IV. 

TO  fefcrihe  the  VhanajneVii  to  an  Eye  fofttetl in 

Th&  Sun's  Diameter  appears  one  and  a  half 
lefs  from  Mars  than  from  thd  Earth,  and  there- 
fore it  gives  twice  lefs  L,ight  and  He;n  in  th6 
Region  of  Mars  than  It  does  to  us  on  Earth* 
But  thefe  things,  by  realbn  of  the  great  Excen'- 
tricity  of  the  Orbit  of  Mars,  are  fenfibly  chang'd, 
tho'  not  fo  much  as  in  Mercury. 

A  a  a  a  »  Mars's 


855      rJ&5  Elbments     Bookvr; 

Mars's  Year  is  almofi  equal  to  two  of  our 
Years ;  but  the  naruralDay  but  a  little  greater 
than  ours:  But  the  artificial  Day,  during  wMch 
the  Sun  fiiines  above  the  Horizon,  Cexcepcihe 
Twilight  before  the  Sun's  Kifir.g,  and  that  af- 
ter its  Setting,  according  to  tht;  Height  of  tfas 
conftant  Atmofphci-e)  is  almoft  alway-.  and  fr. 
Very  where  equal  to  the  Night,  and  ther.-^foEe 
very  little  difference  of  the  Summer  and  Win- 
ter is  there  fek  ;  and  that  becaufe  the  hxis' ot 
Mars's  diurnal  Revolution  is  almoft  perpendi- 
cular to  the  Plane  of  its  Otbit.  In  the  mean 
time  the  Places  at  different  diftances  from  che 
middle  Circle  between  the  Poles  have  very 
different  degrees  of  Heat,  upon  account  of  rhe 
different  inclination  of  theSuB*s  Rayj  to  the  Ho- 
lizoD,  as  u  is  on  the  Earth  at  (he  titne  of  the 
Equinox:  And  from  hence  I  fufpeft  that  the  F^f 
eue  or  Belrs  arife  which  run  parallel  in  the  Circle 
that  is  in  the  middle  between  the  Pohs.  For 
iince  the  fame  degree  of  Heat  always  conanues 
in  the  fame  Climate,  ir  ii  likely  thai  the  Spots 
in  Mars  (like  the  Clouds  and  Snow  on  Earth) 
owing  their  rife  to  Heat  and  Culd,  are  extend- 
ed according  to  the  Climate,  and  make  Fafei^ 
paralUl  to  the  Circles  of  Mars's  diurnal  rotath 
on  ;wh!ch  is  alfo  true  of  Jupiter,  who  like  Mais 
has  a  perpetual  Equinox. 

The  Obfcrver  in  Mars  fees  two  fupcrior  Pig' 
nets,  'viz,.  Jupiter  and  Saturn,  and  two  inferior 
Planets,  namciy  the  Earth  and  Venus ;  whofe 
Phsnomeni  are  like  the  above- defer ibed  Pba^• 
nomena  of  the  fuperior  and  inferior  PlaiiKf. 
He  will  never  fee  Mercury,  (as  never  being  a- 
bove  half  a  Sign  troni  the  buj))ui3lers  by  chance 
like  a  S^ot  in  the  Sun  as  it  goes  over  his  Difc  • 
atleaft  if  Mars  has  an  Atpiofphere  afcow  it  » 
-t>jj,,  late 
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large  and  as  denfe  as  that  of  our  Earth,  as  ie 
feems  likely  by  the  obfervarion  of  the  Fix'd  Stars 
v,'hic^  grow  duller,  and  feem  almoft  extingui- 
flied  before  they  appear  to  touch  Mars's  Globe. 
He  will  fee  Venus  as  fardiftant  from  the  Sun  as 
Mercury  appears  to  us,  and  the  Earth  as  far  as 
we  fee  Venus :  And  as  the  Earth  feen  from 
Mars,  appears  near  and  aimoft  in  conjuntftion 
with  the  bun,  he  will  iee  the  fame  thing  at  the 
£ar'h  as  the  ingenious  Mr.  Caffini  faw  once  or 
twice  at  Venus  5  namely  the  lower  Planet  fal- 
cated or  horned,  and  its  Companion  by  it  of 
the  fame  Phafis,  which  at  nioft  will  not  appear 
above  a  third  p^it  of  a  Degree  from  it. 

An  Aftronomer  in  Mars  is  almoft  deftitute  of 
means  to  compare  theCeleftial  Bodies  with  his 
Mars,  and  their  Diftances  with  meafures  that 
he  knows  j  by  reafon  of  the  Diftance  of  the 
neareft  Planets,  wz-  Jupiter  and  the  Earth.  For 
when  the  Earth  is  nearefl  to  it  and  the  lowcft  of 
all  the  Celcftial  Bodies,  its  Parallax  wtil  not  be 
fenfible,  not  amounting  to  above  12  Seconds, 
much  the  fame  as  the  Suns  Parallax  with  us. 
But  if  he  is  fenfible  of  the  motion  of  his  Mars  a- 
bout  the  Sun,  he  may  compare  the  Diftan- 
ces of  the  Celcftial  Bodies  one  with  another : 
If  he  is  not  fenfible  of  it,  he  can't  even  know 
that ;  as  has  been  amply  Ihewn  in  the  two  fore-r 
going  Propoficions. 

Proposition   V- 

TO  defcrihe  the  Cele^'a!  Vhanomena  as  they  ap- 
pear to  an  Eyt  in  yupiter. 
The  Diameter  of  the  Suu  feen  from  Jupiter 
will  appear  a  little  mote  than  five  times  lefs  than 
it  does  when  feen  from  the  Earth  ;  and  there- 
fore its  Light  and   Heat  will  be  twenty-feven 
A  a  a  a  3  times   . 
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^^H  limes  lefe  in  Jupiter  thm  with  us.  Jupiter's 
^^^rVcar  isalmoft'  equal  to  twelve  of  our  Ywts; 
^^|b  Bucon  the  oib«T  hand  (he  natural  Day  u-in\)e 
^^^B  \^k  thnnour^.fcarctf  arifingcoten  oF our  Hours; 
^^B  (And  the  motion  of  Jupicer  abour  its  Axi^  is 
^^^K  jpcrfoim'd  in  (he  le^ft  l>eriod  of  All  the  diur- 
H|B  nal  KecatioDS  which  the  Ailrbnomers'harc  hi- 
^^^B  thcrto  pbferv'd  in  any  of  the  Ce!c(liaV  Botjics ; ) 
^^^H  Whence  in  Jupitet  the  Year  coi'|ifts  ot  above 
^^^H  (en  thouiard  Days,  Jupicei  s  ,U  \  i  (Vvi'leci 
^^^H  ioco  aii  Arcihcial  Day  and.  a  Night  aUtisl'^  e- 
^^^H  jgually  over  the  whole  fuiface  of  Jupitgr;  bc- 
^^^^r  CHufe  tlie.  Axis,  nbciut  which  Jupiter  revplves, 
^^^H  is  a)mo(t  perpendicular  to  the  plane  of  the 
^^^H  Orbit ,  whicli  he  delcribes  about  the  .Sun, 
^^^H  whence  the  fame  things  will  obtain  as  in  Kiars, 
^^^B  spncerning  which  we  fpoke  in  the  foregoing 
^^^H      PrQpplltioa. 

^^^H  Tho'  there  are  four  Primary  Planers  below 
^^^H  Jupitei-j  (he  Eye  in  Jupiter  will  fee  none  of 
^^^^^  them  J  if  wcfuppofe  ii:  not  more  {ViaTp-ftgV\tecl 
^^^^P  than  we,  and  believe  that  k  has  fuchan  Atmo' 
fphere  as  the  Earth  :  For  Mars  himfetf  who 
goes  fartheft  of  all  from  the  Sun,  will  not  be  a- 
bove  1 8  Degrees  diflant  fromir  ;  but  as  Mars  is 
both  fmall,  and  weakly  retleAs  the  Sun's  Ligh:, 
it  will  fcarce  be  ieen  at  that  Diftance  from  ths 
Sun.  It  is  true  indeed  that  the  Sun's  Light  at 
Jupiter  is  not  fo  bright  as  at  the  Earth,  and 
therefore  that  the  neighbouring  Stars  are  not 
fo  much  darken'd  by  it ;  but  alTo  the  Light  of 
Mars,  the  Earth  and  Venus,  is  diminifii'd  in  the 
fame  ratio  by  re.ifon  of  the  encieas'd  DiftancS 
of  the  Eye  '•  Whence  ac  the  fame  diftance  from 
the  Sun,  when  feen  from  Jupiter,  they  are  like- 
wife  esoinguilh'd  by  the  Light  of  rhe  Sun.  Bus 
the  Planets  below  Jupiter  may  be  feen  like  Spou 
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upon  the  Sun's  Dilc  j  boc  that  will  only  happen 
by  chance  :  For  an  Aftronomer  in  Jupiter  being 
not  more  certain  of  th^^ir  ej^ftence  than  we  are 
of  the  exiftence  of  Planers  beloiv  -Mercury,  wil! 
nocreckon  upon  their  motioni  fo-as  to  expert  to 
iee  them  at  a  due  time';  aiy  Bye  therefore  in 
Jupiter  wil!  fee  only  Saturn  and-that  above  it. 

But  then  fuch  a  Spetftatorwill  fee  carried  in-a 
Circle  in  the  middle  between  thePolesof  ks  firft 
Motion,  his  four  Satellites  plac'd  near  him  attii 
frongly  refleAing  the  Sun's  Light,unlefsfo  much 
as  they  appear  by  the  Sun's  Parallax  to  decline 
towards  one  Pole  or  the  other,  when  the  Eye  is 
plac'd  towards  either  Pole ;  fo  thatthe  number  of 
thePianetswill  appear  to  be  Sis  to  anObferver 
in  Jupicer.  For  there  is  no  doubt butthat looking 
upon  his  Habitation,  the  Globe  of  Jupiter,  as 
unmov'd  fwhich  by  rcafon  of  the  immenfc  big- 
nefs  that  he  eafily  finds  his  Globe  to  have  above 
the  Planets  near  him,  he  may  much  more  rea- 
fonably  do  than  the  Inhabicailts  of  iheErrrh 
concerning  the  Earth)  he  will  reckon  his  four 
attendants  as  Planets,  to  which  number  he  will 
add  the  Sun  and  Saturn,  juft  as  we  reckon  otir 
Moon  among  the  other  fix :  And  indeed  he  will 
not  err  much  in  their  Order,  if  he  looks  upon 
that  as  moft  remote,  whofe  Period  about  Jupi- 
ter takes  up  the  longeft  time. 

Moreover,  he  will  eafily  compare  the  Diftan- 
ces  of  the  four  Inferior  with  his  own  meafures ; 
namely  with  the  Diameter  of  Jupiter,  as  we  di- 
ours  with  the  Diameter  of  the  Earth;  and  it  will 
be  ealiei-  foe  him  to  corapure  the  Diftance  of  the 
four  neareft  Planets  with  the  Diameter  of  Jupi- 
ter, than  it  is  for  us  to  compare  the  Diftance  of 
the  Moon  with  the  Diameter  of  the  Earth :  For 
^  horixontal  Parallax  of  the  remotsft  of  chem 
A  a  a  a  4  feen 
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(ecn  from  Jupiter  is  more  than  twice  greaKrihan 

^he  horizonral  I'a.alUx  of  the  Moon  li-en  Siorri 

Earth,  iuid  therefpte  y^ry  fenfiblc.  And  iho' 
the  Gloh^  of  Jupiter  be  of  an  immenfe  bignefc 

in  [tfpi.(ft  of  tui*  Eairh,  ihe  I'atallix  cf  the  Sun 
fcen  fiom  Jupiter  Vi.l  be  fcaice  ftntible,  as  not 
arifinptp  jcj  seconds  i  neither  wili  ht  Pyralla^j 
()f  saiurn  (even  >vhen  oppofi  e  ro  chc  „un  and 
lieareft  to  Jupiter)  be  much  grtatei:  It  will 
therefore  be  (difficult  Ibi  the  jovial  Afiroromer 
(ocompirp  thePirtantesof  the  Sun  and  batarO 

I  jvith  his  own  meafures.  If  he  knows  the  mo- 
tion of  his  Jiipi  cr  about  the  Sun,  he  will  eafily 
find  the  ratio  tietwecn  the  Diftances  of  Jupiter 
and  Saturn  from  the  Sun,   otherwife  not  j  as  it 

'  |ias  been  explain'd  in  the  %^  Vrcp. 

I  .    Therefore  the  Jovial  Obferver  relying  upon 

'  his  Senfes  will  diftinguifh  two  forts  of  Planets; 
pamely  four  near  him,  and  two  very  remoce, 
•viz..  the  Sun  and  Saturn  of  a  ftialJ,  and  the 

,  other  four  of  a  much  greater  apparent  Diamc- 
tpr.    For  of  the  remqteft  the  Sun  appears  aboue 

,  6'  broad^but  Saturn  even  when  neareftjhasfcarce 
fl  Diameter  of  half  a  K^nute.  Of  the  otherr, 
(he  fourth  from  Jupiter  will  appear  to  be  of  a- 

^  bout  the  fame  bignefs  as  the  Moon  appears  to 
the  Inhabitants  of  the  Earth,  that  is  of  a  Dia- 
meter five  times  as  big,  and  Difc  five  and  twen-< 
\y  times  ^-.  big  as  the  Shh  to  an  Inhabitant  of 

^' Jupirer;  andif  the  remaining  Satellites  are  no; 
I'much  lefsihantbe  outermolt,  they  will  yet  ap> 
pear  bigger,  efppfialiy  if  they  are  nbt  Itfs  than 
^ur  Eafth,  aj  that  acqurate  Cofmographer  Mri 
//wgmj,  affirms  thsr  they  are  nor.  Befides,  the 
Lur  neareft  and  apparently  gteateft,  will  b<  "" 
fl:inguiQi'd  froni  the  leflerand  moft  remote, 

tauie  in  the  nearefl  Planets  the  S^u^r«  of 
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Periodical  Times  are  as  the  Cube  of  their  Di- 
ftances  frcm  thcCenrer  of  Jupicerj  but  this  will 
fcy  no  means  hold  if  vol-  i.:>nipare  any  of  the 
great  ones  Hith  ary  of  Jtie  liccle  onts.  Altho' 
thofe  th  ^t  are  neattft  appear  to  be  biegeft,  the 
Sun  will  appear  vaftly  brighter  than  them  ;  nay, 
from  their  Phafes,  which  depend  upon  their 
Afpe<9s  to  the  Sun,  they  will  appear  as  Co  many 
Moons.  Whence  the  Spe(!iator  in  Jupiter  will 
have  four  forts  of  Months  denominated  from  the 
four  Moons:  Therewill  beoftheleaft  Months 
more  than  2407  in  a  Year  j  of  the  Monrhs  im- 
mediately greater,  the  number  w  ill  be  about  as 
little  again;  of  the  third  in  order,  the  num- 
ber will  be  about  fubduple  in  a  Jovial  Year, 
or  about  fubquadruple  of  theleaflj  but  of  the 
greateft  Months  there  are  about  2j4in  a  Year. 
And  therefore  the*  the  notation  of  the  Time  be 
ibmething  more  intricate  on  Jfupiter,  becaufe 
the  Year  pontains  a  great  number  of  Days,  yet 
by  thofe  four  kinds  of  Moiuhiit  becomes  ready 
enough  :  For  in  the  leaft  Month  there  will  be 
only  four  Days  and  a  qvtrcer ;  but  in  the  great- 
eft  fumething  more  tjian  fprty  Days. 

Befides,  thefe  Moonsj  ^when  they  are  in  op- 
pofition  with  the  Sun 'in  refpeia  of  Jupiter, 
running  into  JupHer'sShadow,  areEcIipt'd,  and 
again,  when  they  are  in  Conjun<?Lioii  with  the 
Sun,  as  they  throw  their  Shadows  on  Jupiter, 
they  will  make  the  appearance  of  an  Eclipfe  of 
the  Sun  to  an  Eye  pcfited  on  that  part  of  Jupi- 
ter where  the  Shadow  fells  (which  is  a  fmall  part 
enough  of  Jupiter)  « lour  Moon  does.  Butbe- 
f;aure  the  Otbits  of  thofe  Moons  about  Jupiter 
are  in  a  Plane  (all  of  them  indeed  nearly  in  the 
fame  Plane,  except  thac  the  fecond  from  Jupiter 
cloes  a  lit:  le  dcQc^  fcomlt^  ioclin'4  ^o  ^he  Plane  of 
*-■*  ''"  ■    --.---  Jupicer'5 
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Jupiter'sWay  about  iheSun,  theEclipfesofthefe 
Moon's  are  central  and  very  lafting,  when  the 
Sun  is  in  cither  Node  of  the  Moonj.  But  whcu 
the  Sun  is  not  in  it,  the  Eclipfes  may  alfo  be 
total,  tho'  not  central ;  becauJc  the  Shadow  of 
Jupiter  is  ahnoft  ten  times  broader  than  any  of 
the  Satellites,  and  the  apparent  Diameter  of 
each  Moon  i»  five  times  greater  than  the  Sun's 
apparent  Dwmeter-  And  this  great  intqua/ity 
of  the  Diamtters,.  and  the  fin:iU  IncIin:iuon  of 
the  plane  of  the  Orbit  of  the  Satellites  toiho 
Plane  of  the  Orbit  of  Jupiter  abouc  the  Sun,  is 
the  caufe  why  the  Eclipfes,  as  well  of  the  Moou 
as  of  the  ^un,  happen  at  every  Revolutioa^ 
*ho'  the  Sun  is  very  far  diQant  fnwD  the  Nodesi 
And  indeed  the  loweft  of  them  (tho'  ai  the  fatno 
time  the  Sun  feen  from  Jupiter  u  mofl  of  aU 
diftant  from  the  Nodes)  will  nevertheleft  fall  in> 
to  Jupiter's  Shadow,  and  alfo,  oti  rhe  other 
hand,  thtir  Shadows  will  faJJ  on  Jupiter ;  but 
jn  that  cafe  the  moft  remote  SatelUte,  foi;  the 
ikth  part  of  a  Jovial  Year,  will  mifs  the  Sha- 
dow when  it  is  in  Qppo/ition  with  the  Sun,  and 
Jupiter  alio  will  not  be  any  where  darken'd  by 
its  Shadow  when  in  Conjuntaion  with  the  Sun: 
But  an  Eye  plac'd  in  Jupiter  will  in  intermedi- 
ate Tillies  and  Places,  fee  the  Phasnomenaof 
partial  Eclipfes,  Moreover,  an  Eclipfe  of  the 
Moan  is  made  here  by  a  Moon,  whofe  Phafis  ii 
fometimes  quite  different,  nay,  contrary  to  the 
before  defcrib'd  Ec'ipfe  of  a  Moon  running  into 
Jupiter's  Shadow  :  For  io  cliis  the  Eaftern  Limb 
of  the  'Moon  is  firft  Eclips'd,  and  the  Weflem 
one  docs  laft  emerge outcfjhe  Shadow  j  bur, 
jn  fome  of  them,  firft  the  whole  Weftern  limh 
is  Eclips'd,  and  the  ELillenmone  does  lail  of  all 
recover  his  Light,  in  other*,  [uft  the  contrary. 
Tho* 


iAM 


©apkVIi    of  Astronomy.     843^ 

tni.o'  the  Shadow  of  Jupker  is  far  extended  be- 
yond irs  Satellites,  ic  does   not  reach  fo  far  as 
any  other  Planet,  which  alfo  is  true  of  all  the 
other :Prirtiaj!y  Planets.    For  Satultn  alone,  even 
(ho'  it  Were  infinite,  cou'd  be  immcfs'd  in  it  • 
biit  the  Shadow  of  Jupiter  cansiot  be  extended 
foifar  as    Saturn,      unlets  Jupiter's  Diameter 
jBhiu'c^^be  nearly  half  the  Sun's  Diameter;  and 
Mis.fcafce.the  ninth  part  uf  jt. 
"rlf.JapiteFs  Surface  has  a  great  part  cover'd 
with  a  Fluid,  and  we-  fuppoTe  that  Navigation 
cou'd  be  praftis'd  on'  thofe  Seag  j  it  wou'd  be 
very  convenient,  as  well  by  reafon  of  the  very 
fliort  Nights,  (and  thofe  upon  account  of  the 
number  of  the  Moons,  (carce  without  a  Moon, 
and  for  the  molt  part  enlightened  by  feveral  of 
them,  and  ihofe  very  briglit,)  as  becaufe  by  the 
help  of  the  Moons  the  courfe  may  be  diretS;ed. 
Bur  alfo  from  fo  many  EcHpfes  the  Longitude  of 
a  Place  will  bt  eafily  defin'd,  and  accurate  Hy- 
drographical  Tables  may  be  conftru<aed;  wliich 
is  very  convenient  in  fo  vaft  a  Globe,  whofe  Sur- 
face beingan  hundred  times  (nay,  according  to 
Hugens,  four  hundred  times'  Hggerthan  theSur- 
face  of  the  Earth,  wou'd  render  its  meafure  very 
laborious.    Bu:  the  reciprocal  Tide  arifing  from 
the  four  Moons  (for  the  Sun's  Forces  are  of  no 
fenfible  eWe&  for  railing  a  Tide  at   this  vaft 
diftance)  is  various  and   uncertain,  except  to 
one  who  is  us'd  to  Calculations. 

Proposition  VI. 

I'^O  jhe^v  the  cbkf  CehfiUVhanomme,  which 
^     7vet*d  appear  to  an  Obftrver  placJ in  Saturn. 
The  Diameter  of  the  Sun  feen  from  Saturn 
is  almoft  ten  times  lefs  than  the  Earth,  and  his 
pifc,  Light  and  Heat  at  leaft  ninety  times  lefs 
t^iere 
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there  than  here.  Saturn'sYear  is  almoft  equ»l  to 
chirty  of  bar  Years:  But  it  is  uncertain  what 
proportion  a  Day  in  Saturn  bears  to  our  Day  j 
for  the  Period  of  Satrurn's  ReTolution  about  , 
his  Axis  is  not  yet  known.      Hff^ens  indeed,  I 
from  ihe  Diftance  and  Period  of  his  inmoft  Sa-  ' 
tellircj  and  a  Comparifon  of  them  with  rhe  Di-  I 
fiance  and  Period  of  the  inmoft  of  the  yovial 
Satellites,  thinks  it  very  likely  that  the  Days  axt 
not  longer  there  than  in  Jupiter.    He  uoE  tbat 
Opinion  becaufd  he  loiAs  upon  >c  as  an  no- 
doubted  Truf:h,  that  ths  dotation  of  rhe^un 
and  of  a  Primary  Planet  about  its  Axis  is  the 
caufe  of  the  Rotation  of  the  Primary  and  Sa- 
condaiy  Planets,   (that  indeed  it  is  made  to- 
wards the  fame  pairs  is  certain)  or  at  leafl  that 
the  Rotation  of  a  cen'ral  Body,  and  tlie  Planets 
about  it  depend  upon  the  fame  caufe  ;  tberefiOTC 
converfly,  having  obferved  ihe  Sarellires  rora^ 
red  about  Saturn,  he  did  not  at  all  doubt  but 
that  Saturn  revolv'd  about  its  Aids,  and  nearly 
in  the  fame  time  as  Jupiter,  becanfe  the  Periods 
pf  the  Sacellires  differ  but  very  little.     Bar  if 
we  confider  thiit  the  caufe  of  the  Rotation  of 
the  Primary  Planers  about  the  Sun,  or  of  the 
Satellites  about  a  Primary  is  not  any  Vortex, 
or  any  thing  like  it  (on  which  Opinion  the 
foref^id  Argument  is  grounded,)  but  that  the 
Planets  are  carried  by  a  Motion,  compounded 
of  a  projedile  Motion  alohg  a  right  line,  and 
pf  Gravity  towards  a  central  Body  ("about  which 
they  are  moved  in  a  free  fpace  and  almofl  void 
of  Matter,  and  the  Saturnian  Satellites  gravity 
after  the  fame  manner  towards  Saturn,  wherber 
it  revolves  or  is  at  refl;  it  is  plain,  that  from  tbe 
Revolution  of  the  Satellites  one  cannot  rightly 
deduce  the  Rotation  of  Satwn  about  its  ^^ 
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much  lets  the  Period  of  that  Rotation.    It  is 
true  indeeed  that  ic  is  probable  that  Saturn  re- 
volves about  liis  Axb,    namely,   that  it  may 
fometimes  mm  one  and  fomeiimes  anoth.'r  pare 
of  its  Surface  to  the  Sun,  which  is  the  Fom- 
tain  of  Light  and  Heat  in  his  Syftem :  But  ic 
feems  inipoffibie  to  gather  from  hence  the  Pe- 
riod of  the  Rotation,  thefe  things  being  by 
the  Allwifc  and  Almighty  Creator  iitctd  to  the 
nature  of  the  things  contained  in  Saturn,  which 
is  altogether  unknown  to  us.     If  the  Axis  of 
Saturn  be  perpendicular  to  the  Plane  of  Saturn's 
Ring  and  of  the  Orbit  of  the  Satellites  (as  Hw 
gens  will  have  it)  then  the  Situation  of  the  Poles 
and  of  the  F,qnator  is  the  fame  in  Saturn  as  it 
is  in  the  Earth  j  therefore  the  fame  Polar  Stat 
will  ftiire  upon  it,  and  the  Conftellations  in  h- 
milar  Latitudes  rife  and  fall  after  the  fame  man- 
ner.   And  thefe  things  are  thus  if  the  Situation 
of  the  Ring  be  the  lame  as  Hugetis  has  laid  it 
down  in  the  S_)J?£i«  of  Saturn,  which  alio  w8 
have  fuppos'd   in  the  Fourth  Book,  when  we 
fpoke  of  its    Phiengmena:     But,   if  it  be  by 
more  accurate  Obfervations,  fotmd  to  be  diffe- 
rent, {'as  he  hints  in  his  Theory  of  the  World) 
any  one  may  gather  the  Meafures  of  the  fore- 
f.iid  Phenomena  from  what  has  been  laid  down 
before.     The  Days  at  Saturn  are  very  unequal, 
and  the  differences  of  the  Summer  and  Winter 
are  very  great,  for  they  depend  upon  the  Quan- 
tity of  the  Inclination  of  the  Plane  of  his  E- 
quator  to  the  Piane  of  the  Orbit  of  Saturn  a- 
bou:  the  Sun,  which  i/«/f»j  afterwards  fuppa- 
fed  of  ;i  Degrees,  almolt  a  third  part  greaL-er 
than  in  the  Earth,  where  thole  Ditferenees  are 
yery    fenfible.     At  Saturn  in  the  latitude  of 
59  Degrees  the  longeft  Day  has  no  Night,  nei- 
il^c  has  the  longcft  Night  any  Day.    And 
tW 
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the  two  frigid  Zones  extended  aboat  tSe  Poles 
("each  of  which  is  62  Degrees  broad)  are  ten 
rimes  greater  than  the  whole  Surface  of  our 
tarth. 

Of  all  the  Primary  Planets,  the  Eye  pofired 
In  Saturn,  will  be  able  to  fee  on\y  /upicer,  al- 
ways accompiinNing  the  San,  and  never  above 
57  Degree*  dift^ne  from  it.     Reckoning  chofe 
two  amongft  his  own  five  Companions,  a  num- 
ber of  levcn  I'lanets  is  made  up  to  an  Otferrer 
in  Saturn,  which  he  diftinguifties  into  five  Moons 
and  two  other  Planets,  as  wou'd  be  done  in  Ju- 
piter by   the  foregoing  Prap:)  as  well  for  ihft 
fame  rcafom  as  alio  upon  this  account,  that  the 
five  ncareft  are  mov'd  in  the  fame  Plane  inclin'd 
to  the  Plane  of  the  Sun's  apparent  Way  about 
Saturn  in  an  Angle  of  51  Degrees ;  fo  that  the 
Zodiac  to  Saturn  is  more  than  the  third  part  of 
Heaven  in  Breadth,  if  the  Deviation  of  atttho 
Planets  from  the  Sun's  Way  be  comprehended 
.    in  it.     The  Phafes  of  chefe  Mtions  are  fimllaf 
to  thofe  of  the  Jcvial  Moons  j  except  it  be  that 
in  Summer  and  Winter,  wlien  the  Sun  decUnS 
Very  much  to  the  Equator,  each  Moon  oppos*!! 
to  the  .>un  does  nof  fliine  with  a'  full  Orb,  nd- 
theris  it  quite  dark  when  in  Conjuntaion  with 
the  Sun.     For  in  the  middle  of  Summer  or  of 
Winter,  a  Moon  in  Ct,iijun<ftion  with  the  Sun 
is  as  far  diftant  from  it  as  our  Moon  is  two  dayi 
or  more  before  or  after  the  New  Moon,  and  tt 
oppofiiion  of  the  Sun  ic  is  as  fer  from  that  i!t 
direct  Oppofition  which  makes  a  full  Orb,  A 
our  Morn  is  two  Days  before  or  after  the  Fnft 
Moon  :  Thofe  Moons  rherefore  will  then  bati 
the  lamt  Phi-fes  as  our  Moon  has  two  Day*  6&* 
fore  or  after  the  Syzygy.    Whence  ac  thofeSfea- 
fons  of  the  Year  of  Saturn  there  will  be  no  & 
clipfitf 
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cHpfes  of  the  Luminaries.  But  at  the  Equino- 
fiial  Times  Saturn  will  never  be  without  Eclip- 
fes,  and  thofi:  of  all  the  kinds  mention'd  in  flie 
foregoing  Propofitiom. 

Since  the  Year  in  Saturn  is  longer  than  that 
in  Jupiter,  there  are-alfo  fcveral  forts  of  Months 
to  diftjnguifh  it  into  parts.  Of  the  leaft,  there 
are  above  ^700  in  a  Year,  of  thofe  immediately 
greater  ;9;2)  of  the  tliird  Months  above  2; p^ 
more  than  674  of  the  fourth,  and  ijf  of  the 
greateft,  '  w  >> 

An  Inhabitant  of  Saturn  will  eafily  cotHpare 
the  Diftances  of  his  Moons  with  his  oWn  Mea- 
fures ;  becaula  the  Parallax  of  the  fifth  and  lafl 
Moon  is  greater  than  the  Parallax  of  our  Moon. 
But  the  Sun's  Parallax  does  not  exceed  9  Se- 
conds; therefore  it  is  infenfible,  in  compatifon 
with  the  Sun's  Parallax  feen  from  the  Earth. 

TheRing  which  encompaffes  Saturn,of  which 
we  fpoke  in  the  fourth  Book,  is  a  wonderful 
PhKHomenon  to  an  Eye  in  Saturn  ;  for  it  is  the 
only  thing  of  that  kind  which  is  feen  from  far, 
and  which  has  long  fines  excited  the  the  curio- 
fity  of  al!  Philofophers.  This  Ring  gave  occa- 
fion  to  the  learned  and  ingenious  Dr.  Halle); 
when  he  enquir'd  into  the  Caufes  of  the  Varia- 
tion of  the  declining  magnetic  Needle,  to  fup- 
pofe  the  Globe  of  the  Earth  to  be  divided  into 
Crufts  and  concentrical  Nucleus's  (5fe  fhilcfo' 
fhic.ll  Tranfaflions,  N"*  igf.)  aftSr  Ktpler^  who 
did  the  fame  in  the4f''  Book,  fag.  j86  of  his  Efit. 
to  the  Cofernican  A^ronomy^  when  from  the  mag- 
netic Dire^on  he  itivisftigated  the  caufes  of  the 
Incqualiries  of  the  Planets.  What  if  this  Ring 
ihiju'd  be  the  remaining  part  of  an  outward 
Cruft,  fallen  on  the  Nucleus  within  it,  and  the 
Kuirts  of  it  Itill  10  be  feen  ?-  For  if  Saturn  was 
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ever  of  the  fame  Diameter,  as  now  hh  Kingts^ 
It  wa*  of  the  fame  Magnr.ude  when  I'een  tTom 
(he  Sun,  as  now  Jnpicer's  apparent  DiamcK^ 
fcen  from  it. 

iincc  the  outward  Edge  of  S*rurn*s  Ring 
Hands  above  Sa.urn^  at  an  Hei^hc  which  is  foor 
times  and  a  half  the  Semidiameter  of  Saturn, 
it  will  not  be  vifible  ac  a  diftance  from  Saturn's 
Equator  (in  whofe  Plane  it  is)  greaxr  than  6^ 
t)egrees :  Therefore  a  Spedator  having  a  gteac- 
er  Laundt  will  never  fee  the  Ring  j  and  there 
is  a  Zone 'about  each  Pole,  abi-nt  j;  Degrees 
bro.id,  altogether  depriv'd  of  the  Sight  of  the 
Ring.  And  as  the  Eye  goes  nearer  to  Saturn's 
I'olc  -he  ft;ft  jatcilire  is  hid,  then  the  fecond, 
and  fo  on,  till  the  Hyc  at  laft  being  within  one 
degree  of  the  Pole,  lofcs  fight  of  the  fifth  alfo^ 
unlefs  it  be  by  Rcfradion  ;  neither  will  it  in 
Winter  fee  the  SuUj  any  Moon,  or  any  Planet, 
or  any  CeleftialEody  known  to  the  Inhabitants 
of  the  Enrth  except  the  Fix'd  Stars,  and  perhaps 
fome  Comet. 

The  Eye  in  ths  very  Equator  of  Saturn,  or  a 
Zone  near  it,  will  fee  no  >tars  in  the  Equator 
or  very  nearicj  and  iherefore  will  never  fee  any 
of  the  Moons,  the  Ring  being  in  the  Way : 
Therefore  at  the  time  of  the  Equinox,  one 
that  lives  under  the  Equator  will  not  fte  the 
Sun,  and  one  that  lives  in  another  place  will 
not  fee  the  Ring,  becaufe  in  that  cafe  no  Face 
of  the  Ring  is  fiiin'd  upon.  Hi.w  bi-cad  that 
Zone  is,  is  a  difficult  thing  to  determine,  by 
Obftrvations  made  from  me  Earth,  bccauft 
the  thicknefsof  the  Ring  is  fmall  j-  Huj^mt  fup- 
pofes  it  to  be  of  600  German  Miles.  It  will  be 
e^fv  to  determine  ic  accura:ely  from  the  bur- 
fese  of  Saturn,  becaufe  it  is  rajs'd  a  little  more 
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than  a  Semidiameter  above  it.  If  thcEye  be  fup- 
pos'd  plac'd  out  of  theEquator,  ihelpace  of  the 
Heaven  which  contains  Stars  cover'd  by  the 
Ring  will  be  of  different  Magnitude  and  Fi- 
gure, according  to  the  diiferen:  Situation  of 
the  Eye. 

During  half  a  Satamian  Year,  one  Face  of 
the  Ring  is  enlighten'd  by  theSunj  whence  it 
happens  that  thofe  who  inhabit  the  Heraifphere 
towards  which  it  is  turn'd,  that  is,  who  have 
Summer,  fee  that  part  of  the  Ring  which  is  a- 
bove  the  Horizon,  fhining  with  a  faint  Light 
by  Day  (much  fuch  as  we  fee  the  Moon  fiiine 
wjth  when  the  Sun  alfo  fliines  at  the  dimQ  time ) 
if  Saturn  has  an  Atmofphere,  and  that  poficed 
towards  that  part  where  the  Pole  isdeprefi'd; 
but  its  Light  is  flronger  by  Nighty  as  alfo  that 
of  our  Moon  in  the  Sun's  abfence  ;  And  from 
the  Spots  may  be  found  whether  ic  is  at  reft  or 
moves,  and  if  it  moves  the  Velocity  of  its  Mo- 
tion. After  the  Sun  is  fet,  the  Eaftern  part  of 
this  lucid  Arch  has  a  Shade*  (namely,  the  Sha- 
dov/  of  Saturn)  caft  npon  it,  which,  as  the 
Night  comes  on,  rifes  by  degrees  till  in  the  mid- 
die  of  the  Night  it  is  got  to  its  upper  part  or 
Vertex,  from  whence  it  moves  by  degrees  to- 
wards the  Wellern  part,  as  the  Sun  tends  to  it* 
Rifing.  This  Arch  will  always  fliew  the  Meri- 
dian Line,  for  a  Plane  rais'd  upon  the  Horizon, 
going  thro'  the  Vertex  of  the  Aroh  ts  in  the 
MeridiaiL  if  the  diftance  of  the  Eye  ftom 
the  Equator  be  lefs  than  yz  Degrees  it  will  fee 
ithe  Arch  of  the  Ring  as  much  concave  as  con- 
ycx,  like  an  Arch  in  a  Building,  riling  on  each 
fide  from  theHorizon  j  below  which,  namely, 
between  the  lucid  Arch  and  the  Horizon,  he 
will  fee  the  Heaven  and  the  Stars.    J3uc  if  tha. 

B  b  b  b  Eym 
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LEye  is  farther  diftant  than  yi  Degrees,  but  left 
Ftban  64,  it  will  not  at  all  fee  the  concave  part, 
r  bni  a  lucid  Body  rifing  as  ic  were  from  rtw 
I  Ground,  and  contiguous  to  the  Horizon,  like 
I  the  Morning  Twilight. 

During    the  other  half  of    Saturn's   Year, 

namely,  when  the  Sun  declines  from  the  £qua. 

i  tor  towards  the  invifible  Pole,  that  is,  in  Win. 

ter  rime,  the  iiye  will  not  at  all  fee  the  Viing, 

bccauie  it  is  not  enlighten'd  on  chat  fide  which 

is  towards  ihc  Eye ;  but  the  King  will  cover 

from  the  Eye  part  of  Heaven,  and  the  celeffial 

Bodies  contained  in  it,  as  has  been  (aid  i^efore, 

and  fo  by  that  means  ic  will  become  fenfible. 

J  But  the  Shadow  of  the  Ring  becomes  more  and 

I  «iore  extended  towards  the  Pole,  fo  that  the 

Eye  being  plac'd  any  where  wuhin  the  forefaii 

fpace,  the  Sun,  when  it  has  attain'd  a  certain 

Declination,  will  appear  to  be  cover'd  Rud  e- 

clips'd  at  Noon,    and    then    immediarely   a- 

Sain  ic  will  become  viiiMe.    The  next  Day  the 

feme  thing  happens  again,  but  the  EcUpfe  he 

^  ^ns  (boner  and  ends  later;  and  tliis  Darknels 

m  the  middle  of  the  Day  will  daily  encreafe  in 

*  duration,    (or  perhaps  come  to  laft   3  whola 

►  Day)  till  the  middle  of  Winter,  from  which 
rime  they  will  again  begin  to  decreafe  till  at  laft 

I  they  arc  quite  gone  (or  do  not  happen  at  allia 
f  the  Day  time)  when  the  Sun  reiorning  from 
W  the  Tropic  is  come  back  to  the  &me  degree  d 
■•  Declination,  which  i:  was  in  when  the  for» 
',  ■  mention'd  Darknefs  began  to  appear.  And  tfaii 
I  will  be  fo  if  the  Eye  be  in  a  greacec  Latituiis 
'  than  2 J  or  26  Degrees:  But  if  the  Speaatorb 
r  in  a  letfer  Latitude,  when  the  Metidiso  Dtirk- 
Mefs  is  the  moft  lafting,  the  Sun  will  fnddenly 

►  appear  juft  at  Noon,  and  then  immediately 
-  -  .  '     "■"     dil- 


fappear  again,  and  the  next  Day  there  will 
;ain  be  fuch  an  appearance  of  Light,    bu^ 
mething  more  lafting;  and  fo  on,  the  Meri- 
dian Light  becoming  daily  more  and  more  laft' 
B  ing  till  the  rtiiddle  of  the  Winter:  And'  then  a- 
i  gain  by  degrees  it  will  become  of  lefs  and  left. 
I,  Gontiniiancej  till  it  wholly  vanifhes,  when  the 
3  Suli  is  remrn'd  from  the  Winter  Tropic  to  a  de- 
I  climtion  equal  to  that  at  which  the  Mid-Day- 
Light  began  firft  to  appear;  at  which  time,  on' 
^  the  fudden  the  longell  Meridian  Darknefs  will- J 
^  again  begin,  and  laft  a  fliorter  and  ftiorter  time*. 
^  as  the  Sun  comes  towards  the  Equator.    An* 
^,  hence  it  follows,  that  there  is  a  much  greatel^ 
^f  difference  between  Summer  and  Winter  on  Sa^'l 
g(  turn's  Globe  than  on  the  Earth,  as  well  opoflj 
-  account  of  the  dnration  of  each,  and  the  Sun'sf 
^  great  declination  from   the  Equator,  as  upo^l 
account  of  the  Meridian  Darknefs  in  Winter  b; ' 
'eafon  of  the  interpofition  of  the  Ring  whid 
lides  the  Stin. 


ProPositios    VU. 


I  •   I  ^O  defcrihe  the  ThancmeMa  wheit  tht  Eje  is  ftf^m 
J_     jfoi'd  in  one  of  the  Comets. 
We  refer  the  Coriiets  to  the  Primary  Planets, 
l^ecaufe  it  is  in  the  Excentricity  of  their  Orbi^ 
«hat  they  ciiiefly  differ  from  them;    An  Ey4 
jplac'd  in  a  Comet  will  find  itfelf  encompafs'a 
'v/ith  a  very  great  and  denfe  Atmofphere,  whicb^ 
^ncreafes  in  its  defcent  from  the  Aphelion,  e*  < 
■^eciaily  when  it  is  immers'd  in  the  Region  <A  A 
he  leffer  Planets.    This  Atmofphere  is  fo  trou-  J 
tied  and  thick  that  towards  its  bottom  it  is  al- 
noft  like  a  Chaos.    It  i&  not  known  whether  a 
Cemei  revolves  about  itfelf,  but  it  is  probable 
like  all  the  other  great  Bodies  of   ths 
B  b  b  b  >  World, 
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World,  it  turns  all  itsFaces  towards  the  Sun,  that 
a  plentiftil  Vapour  may  be  rais'd  from  it.  "But 
whether  thisRoration  is  abouta  given  Axis,is4if- 
licult  to  determine.  If  the  Nucleus  be  turn'da- 
bouc,  the  whole  Atmofphere  fe/pecially  that 
pan  of  ir  which  is  extended  towards  the  Rea- 
ens  oppofite  to  the  Sun)  does  not  revolve  alopg 
with  it,  as  the  Atmofphere  of  the  Earth  does; 
But  thar  Vapour,  which  going  out  of  the  Co- 
met makes  the  Tail,  is  not  fo  much  to  be\ooJc'd 
upon  as  the  Atmofphere  of  the  Comet  ioin'd 
with  it  (as  the  denfer  Atmofphere  of  the  Larch 
is  join'd  with  it)  and  making  part  of  kj  as  J 
feparate  Body,  all  the  parts  m  which  perform 
their  Morions  in  a  free  Space,  like  the  CotTiii 
it  felf. 

As  the  Way  of  every  Comet  about  the  Sun 
is  a  very  excemrical  Ellipfe,  it  is  not  likely  thai 
they  are  made  to  ferve  the  fime  purpofes  in  the 
Univerfe  as  Planets,  which  are  carried  in  OrbiE 
nearly  concentric  to  tlieSun,  and  wK\c\\  feeo 
dellgn'd  for  the  Produdion  of  Things  which  ars 
almoft  always  to  remain  in  the  lame  Stats; 
which  Comers  are  by  no  means  fit  for,  by  ra- 
fon  of  the  very  different  Degrees  of  that  which 
they  fuftain.    Jf  therefore  we  may  give  wayio 
conjeifture,  it  is  to  be  believ'd  that  the  Comet; 
(ervefor  the  renewing  of  the  Fluid  of  the  Sua 
and  Planets.      For  fince  the  Suo   continuallf 
lofes  a  great  deal  of  its  Fluid,  fent  out  HnJerl 
the  Form  of  Light;  and  the  Fluid  of  the  Pi»'l 
nets  is  daily  chang'd  into  folid  (fcai  ce  becoming 
Fluid  again;  as  we  fee  it  yearly  happen  in  our 
Earth;  it  is  plain  either  that  the  Sun's  Forces  will 
by  degrees  be  loft,  and  the  Fluid  of  the  Plane; 
be  confum'd  (which  is  very  unlikely)  or  elfj 
that  they  are  to  be  renewed  at  ftated  Tim?5.  Bui 
~        r  '  tbsrt 
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there  is  no  way  that  feems  fo  fit  for  it,  as  to 
look  upon  Comets  (which  pafs  thro'  vaft  Spaces 
in  the  -Ether)  to  be  Cnall  Bodies  which  are  de- 
iign'd  in  time  to  come  to  make  Light,  projeded 
thro*  thofe  Spaces,  and  as  it  were  Tcatter'd  and 
loft  in  them,  which  like:wife  by  attraaion  (a 
Quality  natural  and  belonging  to  all  Bodies) 
draw  to  thetnfelves,  and  as  it  were  rreafure  up 
themoift  Vapours  j  chat  having  rais'd  'em  up 
in  Tails  they  may  mix  them  with  the  Atmo- 
Ipheres  of  Planets)  which  was  alfo  the  Opinion 
of  Hlffccratts  of  Chios,  taken  notice  of  by  Arz- 
fiotki  in  the  Firfi  Book  of  Meteors,  Clhip.  6. )  and 
themfelves  renew  the  Sun,  the  Fountain  of 
Light,  by  falling  into  it.  Hence  will  the  Pri- 
mary Planets  be  augmented;  whence  the  Satel- 
lites Orbit  (that  is,  if  fuch  a  Planet  has  a  Sa- 
tellite) and  Period  will  be  contrafted ;  of  which 
Phxnomenon  we  fpoke  above  in  in  its  place ; 
and  other  things  will  happen,  which  we  men- 
iibn'd  when  we  fpoke  of  Comets  in  the  fore- 
going Book. 

There  may  alfo  fometimes  be  another  efFe^fl 
or  ufe  of  a  Comer.  Namely,  if  a  Comet  paf- 
fes  near  a  Planet  (its  Orbit  and  Motion  carry- 
ing it  that  way)  ii  will  fo  attraA  it  that  its  Or- 
bit will  be  chang'd  (the  Comet's  Orbit  being 
alfo  chang'd  by  the  mutual  Aiftion; )  whence  the 
Planet's  Period  will  alfo  be  chang'd,  But  the 
Comet  may  alfo  by  its  attradtion  lo  difturb  the 
Satellite  as  to  make  it  leave  its  Primary,  and  it- 
felf  become  it  Primary  Planet  about  the  Sun, 
and  continually  move  round  it.  Befidcs  it  may 
produce  much  greater  Changes  in  the  Globe  of 
the  Planet  it  felf,  not  only  by  attrafting  the 
Fluid,  if  it  has  any,  but  alfo  by  other  Qualities, 
as  if,  for  Example,  fo  vaft  a  Body  goes  from 
Bbbb  3  the 
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f  tbc  Sud's  Neighbourhood,  and  beVn%  ted  hoe 
'  U  carried  near  our  Eaith.  Bui:  we  base  faid 
enough  of  this  matter  efpectalty  fince  Udocq 
sot  belong  to  cur  prefem  Purpofc. 
,  The  Years  of  Cpm^ts  are  different,  according 
\  to  the  magnitwlc  o4  tlic  greater  Axciof  the  Or- 
f*  bits  which  th£y  defcribe  about  the  Sun  j  name- 
ly»  (by  the  40'^^'  and  42^  Proportions  of  the  firfi 
Book)  the  Year  of  each  comet  is  to  ourYear  in^ 
fefquiplicate  ratio  of  the  greater  Axis  of  the  Or- 
bit of  the  Cornet  to  twice  the  mean  Di&aace  of 
the  Sun  from  ilie  Earth.  The  Sun's  apparent 
Piameter,  his  Difc,  and  alfo  Ws  Light  and  , 
Heat,  as  well  a^  the  ^parent  Magnitude  offtie 
Planets, wiil be  very  much  chang'din  a  Comet 
Befides,  the  Obfervet  in  a  Comet  will  find  ths 
1  motions  of  the  Pl:mefs  to  be  very  difiereotj 
accordingly  when  immers'd  in  their  Rcgioos, 
he  has  them  fometimes  all  Superior  to  iijm, 
fometiraes  fome  Inferior  aod  /ome  Superior  ; 
or  being  rais'd  out  of  tbofe  Regions  he  tees  ali 
the  Planets  below  him  ;  aU  wVuch  tVvvngi  may, 
&om  what  has  been  faid  before,  be  dehn'd  tn 
a  Comet  whofe  Orbit  is  given.  As  for  Exam- 
ski  If  z  Comet  in  its  Aphelium  afcends  to  3 
Diftance  from  the  Sun  fix  times  greater  than 
the  Diftance  of  Saturn,  which  will  happen,  ii 
the  Period  of  the  Comet  be  cgoal  to  about  ijo 
of  our  Years  (luppoling  that  in  the  Perihelium 
it  conies  extreamly  near,  as  it  happens  in  ibint 
of  them)  then  all  the  Planets  upon  ac«Junioi 
their  nearnefs  to  the  Sun,  will  then  become  ia- 
vifible  to  an  Eye  plac'd  in  a  Comet  ^  for  Saturn 
himfelf  will  fcarce  be  to  Degrees  diftant  fi:ciffl 
the  Sun,  and  the  Sun's  Diaineter  will  be  cgoal 
to  half  a  Minute.  But  to  an  Eye  in  a  Cohict 
whofe  Period  js  much  greater,  the  Planets  are 
inviJifaic 
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iihvifible  all  the  while  that  the  Comet  is  In  the 
Dpper  pHf  t  of  its  Orbit,  which  is  for  the  greateft 
pan  ofits  Year  j  for  the  Velocity  of  the  Comet 
towards  the  Aphelium  is  very  fmall  in  refpeft 
of  chat  whieh  it  has  when  it  is  at,  or  near,  the 
Perihelium.  If  the  Period  of  the  Comet  be  too 
great,-  that  is,  if  the  Diftance  of  the  Cbniet 
from  the  Saft  in  its  Aphelium  does  often  con- 
tain the  diftance  of  Saturn,  perhaps  the  Order 
of  the  Fix'd  Stars  feen  from  fuch  a  Comet  will 
be  very  diiferent  in  different  Places  of  its  Jour- 
ney :  But  yet  I  hardly  think  this  difference  to 
be  very  fenfible,  but  rather  that  the  Orbits  even 
of  the  outermoft  Comets  are  very  fmall  when 
compar'd  to  the  difttince  of  the  Sun  from  the 
Fix'd  Stars,  COROLLART 

Hence  it  appears,that  the  Syilem  of  the  Cir- 
cumfolar  Planets  feen  from  a  Fix'd  Star  wou'd 
become  almoft  invifible,  and  confounded  with 
the  Sun  in  the  fame  Lucid  Point,  whofe  Dia- 
meter wou'd  become  infenfible,  if  it  be  feen  df* 
ftinftly,  and  free  from  that  Hairinefs  or  tho(^ 
Rays  which  the  Fix'd  Stars  appear  10  have  10  the 
naked  Eye.  For  fince  all  the  Planets  cannot 
be  feen  from  a  Comet  in  its  Aphelium,  by  rea- 
fon  of  their  nearnefs  to  the  Sun ;  how  niuch 
mote  wou'd  they  become  invifible  from  fo  great 
a  diftance  as  that  of  the  Fix'd  Stars  ?  For  fup- 
pofmg  the  Parallax  of  the  Mannas  Orbis  (ov  the 
Semidiameter  of  the  Magnus  Orbis  feen  from  a 
Fix'd  Star)  to  be  equal  to  the  Parallax  of  the 
Sun  feen  from  the  Earth  (neither  have  we  any 
Obfervations  which  Ihew  it  to  be  p;reater)  die 
Sun's  Diameter  will  at  a  Fix'd  Star  fcarce  fub- 
tend  an  Angle  of  five  third  Minutes,  and  Satufrt 
will  never  be  above  above  two  firit  Minutes 
Ifom  the  Sun.  Befides  the  Light  which  the  Pla- 
B  b  b  b  4.  ners 
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pets  borrow  by  refle^ng  the  Sun's  Rays  will  be 
dUogecher  unable  to  affed  fuch  a  .Sight  as  outs 
fit  that  immenfe  diftance ;  and  tho'  it  were 
flrong  enough  :q  affed  it,  the  Sun's  Spedes 
vou'd  appear  to  extend  itfelf  ia(o  a  Semidjar 
pieter  equal  to  that  of  the  Syftetn,  as  I'r  happens 
to  all  lucid  Bodies,  and  efpecially  to  the  Fix'd 
itars  feen  from  the  Earth ;  whence  ihey  wou'd 
alljUs  it  were,fall  in  with  the  lugii  Body.Therft. 
ifore,  on  the  other  hand,  the  Planets  which  re- 
volve about  fuch  Suns  (namely  iheFix'd  Stars) 
do  altogether  efcape  our  Sight.  There  i>  k> 
dopbt,  but  that,  to  an  Eye  plac'd  in  any  Fixd 
Star,  or  Planet  revolving  about  it,  the  Order  of 
the  other  Fix'd  Stars  and  the  (rigurcs  of  the 
Conftellations  wou'd  be  quite  different  from 
thofe  chat  we  fee ;  efpecially  fince  onr  Stm 
wou'd  in  that  cafe  appear  as  one  of  the  Fix'd 
Stars. 

Now  this  immenfe  Diilance  oicbe  Fix'd  Stars 
or  Suns  from  each  other,hindets  tbofe  v^ft.'ftodiea, 
and  thePlanets('very  fmallif  compar'd  with  theiit) 
which gre  carried  about  thofe  Suns  from  fenfibly 
exerting  their  attraftive  Forces  on  each  other, 
and  difturbing  each  others mocions-Theindefintli 
number  of  thofe  Sy  fterns,  included  in  no  Space, 
is  the  reafon  why  they  don't  run  ima  one,  but 
being  feparated  from  one  another,  will  for  evet 
fcand  in  the  Univerfe  as  marks  of  the  Pow6( 
■    and  Wif^loni  of  their  Almighty  Creator. 

Peoposition  VIII, 

Tp  defcri^t  the  chief  Phanomtva  of  the    Fixd 
Scarj,  'of  the  Sun,  and  df  all  lift   Phittets,  rxr 
cept  fhe  ^axi&j  af  fbej  wcv4  afpe^T  to  ap  Ejein  ihu 

Si%e  ^he  Mpph  C^s  was  faid  iji  Tjn^,  54.  q.  4.) 
turns 
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mrns  rcund  itfelf  from  from  Weft  to  Eaft,  about 
an  Axis  nearly  perpendicular  to  the  Plane  of 
the  Ecliptic  and  always  parallel  to  itfelf,  equal- 
ly and  in  the  fame  time  that  the  Moon  revolves 
about  the  Earth,  that  is, inaPeriodical  Month; 
it  is  plain  that  to  an  Eye  plac'd  in  its  Surface, 
the  Sun,  the  Fix'd  Stars,  and  all  the  other  things 
which  arc  joyn'd  to  the  Moon  (that  is  all  thp 
Planets  except  the  Earth)  will  feem  nearly  to  re- 
volve on  the  Poles  of  the  Ecliptic  from  Eaft  to 
W^ft.  And  thofe  Poles  are  remarkable  by  Fix'd 
Stars  j  for  the  Northern  one  has  a  Star  of  the 
fourth  Magnitude  after  the  third  Flexure  of  the 
I^gon,  about  5  Degrees  diftant  from  the  Pole ; 
and  the  Southern  Pole  has  near  it  four  Stars  61 
the  Fift)  Xifhies,  6ne  of  which  is  nearer  the  Pole 
than  our  Ardic  Polar  Star;  but  yet  more  re- 
markable by  a  Nebulous  Star-ricar  it.  And  then 
alfo,  as  it,  happens  with  us,  the  Stars  are  all 
carried  at  the. fame  time  by  the  common  mo- 
tion, except  that  their  Proper  motions  (whe- 
ther true  or  apparent)  do  a  little  alter  the  cafe. 
And  firft,  the  Sun's  apparent  Revolution  about 
the  Moon,  which  is  at  reft,  as  to  fenfe,  is  per- 
form'd  in  a  longer  time,  becaufe  the  Moon  i$ 
at  the  fame  time  together  with  the  Earth,  car- 
ried about  the  Sun  in  coi^fcRuentia ;  fo  that  the 
Moon's  natural  Day  is  of  the  fame  duration  as 
our  Synodical  Month,  which  almoft  exceeds  by 
by  t*fo  and  a  half  of  our  Days,  the  before  de- 
fcrib'd  Revolution  ofthefaid  Lunar  Meridian 
in  refpe(ft  to  the  fame  Fix'd  Scar.  Whence  to 
an  Obferver  in  the  Mo9n  the  Sun  only  rifes 
fwelve  times  in  a  Year,  but  the  Fix'd  Stars  thir- 
teen times;  or  more  accurately,in  nineteenYears 
(rheSun  rifes  two  hundred  and  thirty  five  rimes 
fe^t  the  Fix'd  Stars  two  hundred  and  fifty  four 
"'■  ■-■'■-""  time?; 
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.  fimes :  And  the  riling  Sun  is  almoft  awbAeSign 

I  forwarder  rfian  before. 

Tbis  natural  Day  of  the  Inhalricancs  of  dn 
Mooo,  is  equally  divided  inlo  Light  sol 
Darknefs,  becauie  the  Aids  about  whidi 
the  Moon  revolves  ii  almoft  perpcndicuUi 
Jo  ilic  plane  of  the  Moon's  Way  a6oat  ciis 
Sun ;  and  therefore  there  is  no  Twilight  at  tttt 
Moon  before  the  bun's  rifing,  or  after  its  itt^ 
ting;  becaufe  fuch  a  thing  can't  happen un/^ 
there  was  an  Atmofphere  about  the  Moon,  (as 
has  been  fhewn  in  (he  S'*"  Prop,  of  the  a"*  Rvk.) 
^henceto  theMoon's  Inhabitants  the  Sun  feciu 

.   to  move  in  a  Circle  between  the  Poles  of  ^ 
firfl  Mottoa. 

Aliho'  the  Suns  Way,  fcen  from  the  Moon  * 
jnong  the  Fii'd  Stars,  be  nearly  the  fame  as  its 
Way  feen  from  the  Earth,  and  the  Places  of  the 
Planets  are  nearly  the  faine  feen  from  che  Moon 
as  from  the  Earth  ;  yet  wheji  the  Moon  is  not 
in  the  Nodes,  a  nice  Obferver  will  Cee  the  Sua 
deviate  from  the  Ecliptic  towards  the  contrary 
fide,  and  extend  its  Light  beyond  the  Pole  of 
the  Moon,  which  is  under  that  toward  which 
it  declines,  leaving  the  other  Pole  in  Darknefs, 
But  all  thefe  things  are  fet  right  again  in  half  a 
Lunar  Day,  when  the  Moon  returns  to  iti 
Kode  and  the  Plane  of  the  Ecliptic,  in  order  IC) 
go  to  the  other  fide  of  ;he  £cliptic,and  to  ui  " 
CO  the  fame  Phinomena  towards  the  other 
ior  the  remaining  part  of  the  Day . 

Befides  all  the  inequalities  in  the  Planets , 

jions  feen  from  the  Earth,  which  muft  obtaifl 
jn  the  Moon  as  well  as  the  Earth,  becwre  ir  j| 
carried  along  witli  it  j  there  are  others  pecnlia^i 
to  ihe  Moon,  the  chief  of  whidi  arc  theie. 
When  it  ii  day  to  the  Inhabiraats  of  the  roidtHri 
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of  that  Hemi^ere  of  the  Moon  which  is  turn'c 
from  the  Earth,  the  Sun  appears  to  go  flowly 
under  the  Fix'd  Stars;  and  very  flowly  at  the 
point  of  Noon ;  but  thenext  day  it  will  be  fonnd 
to  have  gone  fefter  under  the  Tix'd  Scars  in  the 
Night  time.  And  on  the  contrary  to  an  Obfer- 
ver  in  the  niiddls  of  that  Hemifphere  of  the 
Mooji  which  is  toward  the  Earth,  the  Sun  will 
appear  by  Day  to  move  fwiftly  under  the  Fix'd 
Stars  towards  the  Eaft,  and  very  Twifc  at  Noon; 
But  at  Nighr  the  Sun  goes  very  flowly  under 
^eFix'd  Stars,  and  Qoweft  of  all  at  Midnight. 
Tha  Tame  things  are  alfo  true  of  Venus  and  Mer- 
cury, becaufe  they  are  always  near  the  Sun  j 
and  alfo  of  Mars  when  it  is  in  conjundion  with 
the  Sun,  tho'  thofe  things  are  lefs  remarkable 
t^ien,    upon    account  of  its   great    Diftance 
from  the   Moon  at  that  time  ;  but  they  are 
inlenfible  in  Jupiter  and  Saturn  when    their 
pofition  is  toward  the  Sun.    If  any  one  of  the 
fuperior  Planets  feen  from  the  Moon  be  in  op- 
pofition  to  the  Sun,  in  which  cafe  it  is  retro- 
grade, it  will  appear  to  an  Inhabitant  in  thd 
middle  of  the  Hemifphere   turn'd    from  the 
Earth,  to  be  more  retrograde  than  ordinary  by 
Night,  but  lefs  by  Day  ;  and  leaft  of  all,  or  moft 
of  all  juft  at  Noon  or  juft  at  Midnight.    So 
likewife  an  Obferver  living  in  that  part  of  the 
Moon  which  the  Earth  feems  to  hang  over,  will 
Jeea  Planet  in  oppoficion  to  the  Sun  to  be  the 
leaft  retrograde  of  all  at  Midnight,  and  moft  of 
all  at  Noon.  And  thefe  things  in  Mars  are  twice 
more  fenfible  than  in  the  Sun  :  But  in  Jupiter 
■and  Saturn    thefe  Differences  almoft   vanifli. 
Hkewife,  if  any  Planet  which  from  the  Earth 
appears  ftationary,  appears  to  be  jn  oppofition 
Jo  th^  Earth  in  reipeia  to  the  Moon,  it  will  be 
-.•'  •  ■  _  retro- 
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trogracie  ;  but  direift  when  in  conjum^ioii  wkh 
the  Earth,  which  will  be  very  fenfible  in  Ve- 
nus. 

AnAflronomer  plac'd  in  the  Moon,  and  igotK 
rant  of  the  motion  of  its  Habitation  about  the 
Earth,  or  the  motion  of  theEarrh about  theSiin, 
for  making  good  the  Theory  of  every  -Planer, 
will  to  all  the  Epicycles  invented  by  a  Terre- 
ftrial  Aftronomer  fuperadd  a  new  Epicycle,  or 
Epicyclo-Epicycle,  to  explain  the  abovemen-, 
tion'd  inequalities.  As  for  Example  :  To  thets- 
ccntric  of  ibe  Sun  defcrib'd  about  the  Eattii' 
made  nfe  of  by  an  Inhabitant  of  the  Earth,(fot 
an  Inhabitant  of  the  Earth  that  admits  an  Ex- 
centric,  does  not  want  an  Epicycle  for  explainr 
ing  the  Sun's  motion)  wilt  add  over  and  above 
On  Epicycle,  and  will  fuppofe  that  the  Sun  i^ 
carried  round  in  it  in  the  fpace  of  one  of  the 
Lunar  Days,  whilft  at  the  fame  time  the  center 
of  the  Epicycle  is  carried  in  the  Excenrr/c  68 
the  Annual  Motion  :  Thus  wili  the  Suns  diiip- 
nai  Inequality  obferv'd  by  a  Lunar  Kftronoini 
be  exptain'd,  if  whilft  it  is  Nigh:  with  the  Li 
nar  Inhabitant  which  is  diredly  under  the  Earthj 
he  fuppofes  the  Sun  to  be  in  the  lower  prrr  of 
the  Epicycle,  and  in  the  upper  part  of  it  whiltt 
it  is  Day  with  him.  So  alfo  to  the  excentric 
of  Mars  about  the  Earth  and  its  Epicycle  con- 
triv'd  by  a  Terreftrial  Aftronomer,  by  which 
the  motion  of  Mars  feen  from  the  Earth  (fup- 
pos'd  at  reft)  is  explain'd,  he  will  fuperadd  a- 
nothsr  Epicycle  carried  in  the  circumference  of 
the  firft,  which  Mars  will  be  imagin'd  to  go 
thro'  in  the  fpace  of  a  Nycbthtmeron  or  Natural 
Day.  And  this  is  the  only  way  that  our  Lunar 
Aftronomer  can  fettle  his  Aftronomy,  if  be  be 
ignorant  of  the  motion  of  his  Habitation^and  aP- 
ferrs 
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fcrti  it  is  at  reftiNamely  by  transferring  the  Circle 
which  is  really  defcrib'd  by  hirafelf  and  his  Ha- 
bitation in  the  Heavens,  and  fuppofmg  the  Mo- 
tion to  be  made  in  it  in  the  fame  time  and  in  an 
inverted  Orders  and  retaining  its  true  Magni- 
tude, if  the  true  Diflance  is  known;  but  if  ic 
is  nor  (and  there  are  no  means  to  find  it  out  in 
that  fuppofition  of  the  Moon  at  reft)  at  leaft 
the  Epicycle  is  fuppos'd  of  fuch  a  Magnitude, 
that  it  may  from  the  Obferver's  Place  appearof 
the  fame  Magnitude  as  the  true  Orbit  of  the 
faid  Place  wou'd  appear  at  the  fame  diflance. 
If  the  Inhabitant  of  the  Moon's  Hemifphcfe 
which  the  Earth  hangs  over,  be  fuppos'd  to 
know  the  motion  of  his  Habitation  about  the 
Earth,  and  of  the  Earth  about  the  Sun,  and  ca- 
pable of  making  Obfervations  as  accurately  as 
we  make  them  on  Earth  j  he  will  be  able  ex- 
afily  enough  to  compare  the  Magnitudes  and 
Diftances  of  the  Sun  and  the  Planets  of  the  Solar 
Syftcm  with  fuch  Magnitudes  and  Diftances  as 
are  familiar  to  him.  For  he  may  meafure  the 
Diameter  of  his  Habitation  after  the  fame  man- 
ner as  we  do  that  of  cur  Earth.  Moreover,  he 
will  eafily  compare  the  Diflance  of  the  Earth 
with  the  Moon's  Diameter ;  for  the  Moon's  Di- 
ameter fubtends  an  AngJe  fenfible  enough  at  the 
Earth,  namely  an  Angle  of  half  a  Degree :  And 
he  will  make  ufe  of  the  Diameter  of  his  Orbit 
as  a  Scale  to  find  the  Diftances  of  the  other 
Bodies  of  the  World.  For  that  fubtends  fan 
Angle  at  the  Sun  of  the  third  part  of  a  Degree, 
fuppofmg  that  the  Sun's  Parallax  ieen  from  the 
Earth  is  only  10";  but  arifes  to  almoft  half  a 
Degree  at  Mars  when  it  is  in  oppofition  with 
the  Sun,  and  at  Venus  in  conjunilion  with  the 
Siuij  and  cecrogtade  exceeds  a  fifth  and  a  half 
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of  a  Degree.  Moreofrer,  an  Inhabitant  ohbs 
Moon  will  after  the  fame  manner  find  out  i\k 
Ratios  between  the  Diftanccs  of  the  Primary 
Planets  from  the  Sun,  as  an  Inha&iianc  of  the 
Earth  does ;  but  knowing  the  Diftances,  he  will 
eafily  find  their  Magnitades  ffotn  thdr  ap/iarenc 
Diameters. 
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To  iefcrih  the  chief  Thanomena  is  tie  £i 
/cf»  by  an  fyt  in  the  Mtctt. 
There  are  in  the  Moon  two  Hemifphcres  ay- 
together  different,  nay,  even  contrary,  in  re- 
foeft  of  the  Phenomena,  of  which  we  are  to 
Ipeak  in  this  PropoHtion.  for  they  conftancly 
fee  the  Earth  in  one  Hemifphcre  of  the  Moon, 
and  never  in  the  other ;  nnleB  that  near  the  Li- 
mits of  them  there  is  a  TraA  to  whofe  Inha» 
bitants  the  Earth  fomerimes  rifes  a  lirtie  above 
die  Horizon,  and  fomecimes  going  back  as  it 
were  fubiides  again  under  it.  In  tVie  HemiSp\\eie 
from  which  the  Earth  is  feen,  it  appears  as  ic 
werenaird  up,in  the  fame  point  of  the  Heavens 
(except  that  it  appears  to  move  frpm  thence  a  lic- 
de  towards  one  fide  or  the  t'other,  and  then  to 
return  by  alibratory  Morion)  whilft,in  the  mean 
time,  in  the  fpace  of  a  Natural  Day,  the  Sun 
and  tiie  other  Celeftial  Bodies  move  towards  i( 
from  the  Eaft,  to  go  afterwards  from  it  toward* 
the  Wefl.  And  a  Star  coming  to  the  Earth 
hanging  in  the  >Ether,  is  not  cxtinguifti'd  fod- 
denly,  hut  by  little  and  little  is  firft  cower'd 
with  a  Mifl;  and  actaft  getting  behind  the  Earth, 
ceafes  to  be  feen  by  a  Lunar  Obferrer;  which 
h  occafion'd  by  the  Atmofphere  about  the  Earth, 
by  which  theRays  going  from  a  Star  to  theEye 
»re  almoft  choak'd  up.    Moreorer,  to  fome  of_ 
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I'the  Inhabitants  of  the  faid  Lunar  Hemifphere, 
the  Earth  appears  continually  to  be  fix  d  direftly 
ever  their  Heads ;  and  that  is  to  fuch  of  them 
as  live  in  the  very  middle  of  the  faid  Hemi- 
fphere :  But  to  fome  of  them  it  appears  to  de- 
cline towards  the  Norch,  to  others  towards  the 
South,  to  fome  towards  the  Eaft,  and  to  others 
towards  the  Weft,  more  or  lefs,  according  as 
their  Habitation  is  nearer  to  or  farther  from  the 
faid  middle  or  fome  fide  or  other  of  it ;  till  at 
laft»  to  the  Inhabitants  of  the  forefaid  Limits 
which  divide  the  Moon's  two  Hemifphercs,  the 
[  Earth  will  appear  to  be  in  the  Horizon,  one 
\  half  of  it  ftanding  up  like  a  Flaming  Moun- 
(  tain :  But  they  that  dwell  in  a  Circle  of  the 
f  Moon,  which  goes  thro'  the  middle  of  the  faid 
I   Hemifphere  and  the  Poles,   have  always  the 
Earth  in  the  Meridian. 

They  that  obferve  the  Earth  fee  its  Orb  fifteen 
,   times  greater  than  we  fee  the  Moon,  at  reft  in 
'    its  place,  but  all  the  while  turning  about  its 
Axis,  and  appearing  to  carry  its  Spots  (which 
they  will  in  a  rude  manner  diftribuce  into  fome 
Figures,  after  the  manner  that  the  common 
People  fuppofe  a  thing  like  a  Man's  Face  in  the 
Orb  of  the  Moon)  from  Eaft  to  Weft,  and  then 
return  to  its  firft  Situation,  in  about  the  twenty- 
ninth  part  of  a  lunar  Natural  Day.    Xep/«- frorti 
thatRotationofitfuppofes,inhisZ.»*«(»rj4j?j-o»om/, 
that  the  Lunar  Aftronomers  call  the  Earth  f^Jva, 
(Whirlerj  and  the  Moon  fuppos'd  fix'd  Fefia,  as 
never  to  be  mov'd  from  its  Place,  and  that  they 
look  upon  our  Globe,  which  they  fee  hanging 
in  the  j^tber,  as  a  Celeftial  Body,  which  therc- 
fiire  they  muft  not  call  by  the  Name  of  Earth  : 
Therefore  he  calls  the  Inhabitants  of  that  He- 
mifphere under  this  l^dva-,  Snlrvolve  and  Suhfd-' 
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vani,  and  the  others  which  are  depriv'd  of  cfae 
figlu  of  it,  Vri'volva  ;  which  Names  I  flwUal- 
fo  make  life  of  hereafter.  Befides  the  faidH*- 
volucion  of  the  Vfflva^  there  is  alfo  as  it  w«c 
another  nodding  Motion  of  it,  by  which  fonie- 
^  rimes  ic  fiiews  the  Lunarians  its  Northern,  and 
(bmeiimes  its  Southern  Pole,  and  xhnc  in  the 
fpace  of  one  Day.  For  when  by  thcFir/l  Mo- 
tion, or  Motion  of  the  Primum  Mob'iU^  SagiitA- 
rius'i  Bow  comes  towards  the  f^oha,  the  Isna- 
rians  (efpecially  thofe  which  are  at  theNotth^ 
wiit  fee  the  Northern  Pole  of  che  Volva^  andxhe 
Spots  and  brighter  parts  about  ir,  which  for 
fome  Revolutions  of  the  Voh^i  will  not  retire 
behind  it,  when  at  the  fame  time  thofe  chat  ars 
about  the  Southern  Pole  do  not  offer  themfeira 
to  fight :  After  half  a  Nychthrmrrov  is  over,  and 
that  C<y?o»- is  come  to  theTo/vj,  the  Northern  j 
Spots  of  the  Volva  will  be  hid,  and  the  Soudiernl 
ones  will  come  in  view.  f 

The  Lunarians  fee  this  Vtlva  encreafe  or  de- 
creafe  in  the  fame  manner,  with  the  i^amc  Pha- 
t  fes,  and  for  the  fame  reafonsasour  Moon;  biiC 
the  fame  Period  of  Phafes  which  we  call  t 
Month,  they  call  a  Nacaral  Day.  They  thai 
fee  the  Vaha  in  their  Meridian  have  the  Nat- 
Velva  or  New-Earth  at  Noon,  the  Firft  Quarter 
at  Night,  the  VnW-l^vha  at  Midnight,  and  the 
laft  Quarter  in  the  Morning.  They  that  dwell 
under  any  other  Meridian  at  a  diftance  from 
the  forefaid  Meridian  (which  is  the  principjf 
one,  and,  upon  account  of  its  Situation,  niaf 
according  to  Kefler^  b«  fuppos'd  to  be  calli 
CirculusMcdivolvanuf,  by  the  LunariansJ  toward! 
the  Eaft  or  Weft,  have  the  Moment  of  each 
Phafis  at  a  different  Hour  according  to  the  Sh 
flance  of  their  Meridian  from  the  Medivolvan 
Circle, 
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!    Circle,  qnd  the  number  of  Hours  into  which 
they  divide  their  Day ;  therefore  the  Phafes  of 
the  f^eha  denote  the  Hours,  which  aifo  is  done 
by  the  diftance  of  the  Sun  from  the  ybli/a  ob- 
ferv'd  by  Day.    Whence  the  i^elva  ferves  for  a 
Dial  to  si/  the  S'ub-vol'vaMi  :  For  by  the  diverilty 
of  its  Phafes,  by  the  approach  of  the  Sun  or 
Fix'd  Stars  towards  it,  by  the  name  of  the  Pole 
that  it  fliews,  and  laftly,  by  the  fwift  Motion 
of  the  Spots;  (for  the  remarkable  parts  of  the 
^  yehtij    our  Mountains,   Lakes,   Iflands,  Seas, 
€§-<:,  even  tho'  they  are  not  iramediaiely  fiiin'd 
[  upon  by  the  Sun,  become  vifible,  efpeciiilly  be- 
\  iFore  and  after  the  New-^'o/ya,  as  the  Moon's 
'  parts  to  us  before  and  after  the  New-Moon, 
tho",  ceteris  faribus,  not  fo  diftindly,  becaufs  the 
JMoon  being  a  lefs  Body,  muft  refleft  Ufs  Light 
totheEarthj  than  the  Earth,  which  is  a  greater 
Body,  does  to  the  Moon  j)  it  divides  the  Day 
t'and  Night  (which  are  indeed  very  long)  into  a 
iufficienc  number  of  parts.      This  yolva  al(b 
does  ftiew  the  parts  of  the  Year  diftindly  e- 
jnoughin  the  following  manner:  Since  in  Sum- 
mer-time to  the  Inhabitants  of  Ewofe  the  Ariitic 
Lpole  points  towards  the  Sun,  and  the  whole 
uVriftic  frozen  Zone  is  enlighten'd  by  the  Sun 
(for  feveral  Days,  and  that  our  Earth  is  the  Vol- 
fva  of  the  Lunarians,  whofe  Arftic  Pole,  and  a 
icreat  Region  about  it,  is  eniighten'd  during 
Some  part_of  every  Nychthemeron  j  it  is  plain  that 
wi/hen  a  great  Region  of  the  Vol-va  lying  about 
Its  ArAic Pole  appears  enlighten'd  co  aLunarian, 
She  Sun  will  be  feen  from  the  Moon  at  ihe 
fconftellation  of  Gemini^  ajid  that  will  be  the 
pme  of  the  Year  which  an  Inhabitant  of  the 
Northern  Hemifphere  of  the  Earth  calls  Sum- 
ST,  and  in  thatgafe  the  Lunarians  will  clearly 
C  c  c  c  fee 
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fee  the  dry  Land  and  Seas  about  tbe  Nor tViVoIe, 
which  are  yet  undifcover'd  by  us.  Aft«  3 
quarter  of  a  Year  our  Lunar  Obferver  will  fee 
(he  Light  terminated  at  each  Pole  of  the  t^ohi\ 
a  qnarter  of  a  Year  after  that,  he  will  fee  the 
Regions  about  the  South  Pole  of  f>>e  Earth, 
which  are  altogether  unknown  to  w,  enligh- 
ten'd  by  the  Sun;  and  after  another  Quarcer the 
Light  will  again  reach  each  Pole.  He  will  alfo 
(liiiinguini  the  Seafons  of  the  Year  acctitding 
to  the  different  brightnefs  of  ScanJlnavu  and 
Seyth'ut^  for  example,  as  being  greater,  «twr 
p^Vitw;,  in  Winter,  when  it  is  cover'd  with  Snoir, 
(haoin  Summer:  And  this  difference  of  Bright* 
nefs  will  be  more  vifible  in  that  Sea  which  iij 
near  the  Pole  of  thefWfa;  becauieinourSnm-f 
merit  looks  like  a  Spot,  and  in  Winter  it  is  as) 
bright  as  the  moR  fliining  parts. 

The  I,unarians  have  Eciipfes  of  the  Sun  andi 
of  the  I'ek'a,  35  the  Jnfiabitsnrs  o£  the  Eartln 
fee  Eciipfes  of  the  Sun  and  Moon,  ^nd  at  tbfj 
fameiime,  but  with  fome  difference,   t^oraso/ 
U5  an  EcHpfe  of  the  Moon  happens  at  the  timl 
of  the  Full-Moon,  fo  to  them  an  EcUpfe  of  m 
/''o/w  happens  at  the  time  of  the  Wu\l-yoh(\\ 
and  as  the  Sun  appears  to  us  to  be  in  an  EclifJi 
at  the  time  of  the  New-Moon,  it  appears  foB 
,,  (hem  at  the  time  of  the  New-f f)k'«  ■  Butriit' 
to  the  Inhabitants  of  the  Earth  the  whole  M«i 
appears  Eclips'd,  the  Lunarians  never  haveaii' 
tal  Eclipfe  of  the  vJv.i ;  for  thev  fee  a  cHi« 
reddifh  Spot  pafs   from  Eaft  to  Weft  ovej  * 
Difc  of  the  Velvj,  making  more  hafts  thimto 
native  Spors,  ahi   ibmetimes  going  ovar  tl* 
Center  of  the  Difc,  when  it  is  fow  Hours  in  g» 
ing  over;  oftner  bcJJtIs  it,  wi«n  the  appearand 
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I.  Their  folar  Eelipfe  is  caus'd  by  the  ydlva^ 
juft  as  our  folar  EcIipfe  is  by  the  Moon  j  and 
when  we  have  an  Eelipfe  of  the  Moon,  the 
Sun  is  totally  EcHps'd  to  the  Lunarians  that  in- 
habit the  darken'd  part  of  the  Moon :  But  it 
often  happens  that  an  Inhabitant  of  the  Moon 
refpecjally  one  that  dwells  near  theLimits  of  the 
Subvelva  and  Privolva)  fees  a  partial  Eclipfc  of 
the  Sun,  when  the  Moon  appears  to  us  with 
3  full  Orb,  the  Earths  Penumbra  not  fenfibly 
extinguifliing  the  Moon's  Light.  And  it  like-* 
wife  happens,  that  to  a  certain  Tra<it  of  the 
Earth  the  Sun  appears  to  fuffer  a  partial  Eelipfe, 

•  when  at  the  fame  time  a  Liinarian  does  not  per- 
ceive the  Fbl-oa  to  be  Eclips'd  at  all :  But  when 
we  have  a  total  Eelipfe  of  the  Moon,  the  Sun  is 
wholly  Eclips'd  to  all  the  Lunarians.  Since  the 
Diameter  of  the  Vblva  is  four  times  greater  than 
the  Sun's  Diameter,  theSun  will  be  fully  hidden 

<  by  the  Vbhaj  and  that  for  a  long  time,  which 
cannot  happen  to  us  by  the  incerpofition  of  the 
Moon;  nay,  the  Sun's  Eelipfe  may  be  total 
and  lafting  when  it  is  not  Central.  The  Inha- 
bitant of  the  Lunar  Hemifphere,  over  which 
the  P^eh/a  hangs,  fees  frequenter  Eclipfes  of  the 
Luminaries  than  the  Inhabitants  of  a  given  He- 
mifphere  of  our  Earth ;  for  the  Stibvol'va'ns  a-^ 
lone  fee  all  the  Eclipfes,  the  Vrivolvans  none, 
fince  a  great  part  of  the  Eclipfes  fecn  by  the 
Inhabitants  of  the  Earth,  belong  to  the  oppo- 
iite  Hemifphere.  The  before-defcrib'd  total  E- 
clipfe  of  the  Sun,  tho'  it  happens  often  to  the 
Lunarians,  cannot  but  be  very  remarkable;  for 
that  is  the  only  time  that  the  Subvolvans  areal- 
^ogether  depriv'd  of  Light :  For  it  has  been 
fhewn  before,  that  the  Medi'volvims^  or  thofe 
who  are  in  that  part  of  the  Moon  which  is 
diifidly  under  the  Earth,  have  the  firit  Quar- 
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cer  of  the  VoIvj  at  Sun-fet,  and  the  laft  Qjur- 
'.  KT  a:  Sun-riie  j  whence  the  yolva  fiiining  i\t 
Kighi  is  to  them  fifteen  times  greater  than 
our  Moon,  and  powerfully  difpeU  tlie  Dark- 
nefi.  But  iathe  toralEclipfe  of  the  Sun,  both 
chc  Sun  and  the  Vol-vd  are  extinguilh'd  at  the 
feme  tkne,  and  all  is  darit.  But  this  Inconve- 
niencyhas  its  Remedies  j  for  the  SonS  Rays, 
being  refraded  by  the  Atmofphere  whkh  is'a- 
bout  the  f£i/v^,  make  the  Body  of  the  Son  ap- 
pear enlarg'd,  and  as  it  were  of  a  greater  Dk 
meter,  but  at  the  edges,  ['which  only  are  f«| 
of  an  Iron-colour,  to  thofe  Inhabican:s  of  f 
Moon  which  receive  thofe  refra<fted  Rays  i  1  , 
which  reafon  there  is  hardly  a  total  DarkneS,' 
except  when  the  Sun's  Eclipfe  is  nearly  central, 
and  that  only  for  a  little  time  abo^t^  the  mid- 
dle of  the  Eclipfe.  But  if  it  happens  that  a 
very  high  Mountain  (landing  almoft  out  of  che 
Atmofphere  of  the  fo/T/«,  is  in  the  edge  of  it  • 
lie  on  whom  ilie  Shadow  of  that  Mountain  falls, 
will  wholly  lofe  the  Sun's  Light,  and  not  enjoy 
the  benefit  of  the  refradion  of  the  folar  Rays 
made  at  the  Atmofphere  of  the  VoIvj  :  And  he 
that  from  a  great  diftance  fees  the  Shadow  of 
the  yoha  receiv'd  on  the  Moon's  Difc,  will  per- 
ceive a  very  black  Spot  in  that  place.  On  the 
other  hand,  there  is  here  no  dimination  of  the 
Darknefs  in  a  folar  Eclipfe  upon  account  of  the 
illumination  of  the  Spedacor's  Atmoiphere,  be- 
caufe  he  has  none. 

Moreover,  at  the  time  of  the  Sun's  EcUpfe, 
the  Light  that  ends  in  a  point  extended,  along 
the  Ecliptic  from  each  fide  of  the  Sun  (ai 
which  we  fpoke  in  the  Sshol  oiPrep,  8.  B.2.) 
will  be  clearly  feen  by  a  Lunarian,  if  thc^e  be 
at  thai  rime  a  heap  of  fmalt  Bodies  in  the  ftape 
of  a  fensEo  pfodijce  jmiay,  ^^t|iglit  may 
„  _"'-    *    .      "  alfo 
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alfo  be  feen  when  there  is  no  EcHpft,  if  rhe  Sun 
be  cover'd  from  the  Eye  by  the  interposition  of 
fome  opake  Body ;  for  the  Eye  in  the  Moon  is 
not  afFeflred  by  the  Rays  which  are  reHeifted 
from  the  amlyent  enlighcen'd  Atmofphere,  be- 
caufe  rAe  Moon  has  no  Atraofphere  about  it  j 
which  is  likely  from  obferving  that  it  is  (6  even- 
ly circumfcrib'd,and  not  vaniftiing  at  the  Edges 
as  if  it  had  Down  upon  them  j  andbecaufe  the  - 
Stars  near  its  Limb  are  not  at  all  darkned,  but 
vivid  and  fliining  till  they  are  wholly  hidden. 
By  reafon  of  that  want  of  an  Atmofphere,  the 
Lunariam  will  have  no  Twilight  before  the  rife 
of  the  Sun(except  the  fliining  of  theSolarAtmo- 
iphere)  or  after  its  fetting ;  becaufe  the  canfc 
which  occafions  ic  upon  Earth  ceafes  here; 
Moreover,  the  Celeftial  Bodies  will  have  no 
refradions,  and  therefore  no  change  of  Place 
upon  that  account.  , 

We  have  hitherto  fuppos'd  that  to  the  Luna- 
rians the  yolva  is  unmov'd  in  the  Heaven,  be- 
caufe for  the  moft  part  it  it  is  really  fo  :  But  it 
has  a  certain  librarory  motion,  by  which  it  ap- 
pears to  any  Lunarian  fometimes  to  move  a  lit- 
tle towards  one  fide,  then  to  return  to  the  fame 
Place,  and  afterwards  to  move  to  the  other  fide. 
Bat  this  libratory  motion  of  the  Voha  is  eafily 
divided  into  two :  For  either  the  Ko/i/a  appears 
to  Ubrate  towards  the  South  and  North  upon 
the  fame  Circle  of  Latitude  ;  or  towards  the 
Eaftand  Weft  upon  the  Ecliptic.  Let  us  fup- 
pofe  the  Sun  and  the  Voha  to  be  in  a  centr;tl 
Conjuniftion  when  the  Sun  is  feen  in  the  Eclip- 
lic  it  felf,  or  that  a  righc  line  joining  the  Cen- 
ters of  the  Sun  and  yoha  goes  thro'  the  Moon  ; 
that  is,  that  to  the  Inhabitants  of  the  Earth  the 
Moon  is  in  oppoficion  to  the  Sun  when  in  one 
"^ — ' Cccc  3  ^^ 
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nineteen  Years  before  the  yolva  be  found  again 
in  the  Ecliptic,  in  Conjundion  wul  the  fltne 
Fix'd  Stars,  juft  as  it  is  about  to  decline  North- 
ward. From  the  different  magnitude  of  the 
Period  of  the  Jibration  of  the  yolva  in  Latitude 
andof  the  iyji^fiSowfj-oM,  it  happens,  that  when 
half  a  Jityehtbemerort  is  eiaps'd  after  the  Sun's  cen- 
tral Eclipfe,  the  Luminaries  will  have  no  E- 
clipfe  of  the  Voha.  For  the  Sun  being  come 
to  the  OppoGtion  with  the  yeha  (that  is  in  the 
TUni'volviu?nov  V^iW-Volva^  in  which  alone  fuch 
an  Eclipfe  may  happen  J  the  Vol'va  having  juft 
pafs'd  the  Ecliptic  (for  it  was  come  to  it  a  lit- 
tle before  the- Sun  was  in  Oppofition  with  the 
Velva)  will  be  got  fo  far  Southward  by  its  Libra- 
tion  as  to  efcape  the  Moon's  fhadow.  An  In- 
habitant of  the  Vglvd  will  indeed  fee  the  Sun's 
Eclipfe  at  that  time  if  he  lives  towards  thcNorch 
Pole  of  it,  but  not  total ;  in  which  cafe  alone 
the  Folva  appears  to  a  Lunarian  to  have  an  E- 
ciipfe.  Likewii'e  in  the  following  Noviiiol-vlum 
or  New-Fo/fd,  tho'  centrally  ecliptical,  the 
Moon  will  efcape' the  fiiadowof  the  Volva. 

Thofe  Lunarians  which  are  nice  Obfervers, 
wilt  fometimes  fee  the  Voha  bigger  and  fome- 
times  lefler,  and  that  whole  variety  is  gone 
thro'  nearly  in  the  fpacc  of  a  Lunar  natural 
Day  J  but  more  accurately  in  the  fpace  that  the 
Fix'd  Stars  take  up  to  return  to  the  fame  Meri- 
dian. Let  us  fuppofe  that  to  a  Lunarian  the 
f'ok'*!  appears  to  have  the  leaft  Diameter  when 
it  is  feen  in  the  faid  Circle  of  Latitude  on  which 
it  has  its  North  and  South  Libration.  The  Di- 
ameter of  the  Vol'va  being  by  degrees  encreas'd, 
the  Vohti  Itfelf  will  deviate  from  the  faid  Cir- 
cle towards  the  Weft  during  almoft  a  quarter  of 
the  natural  Day,  and  return  to  k  the  n? xc  quac- 
Cc  cc  < 
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ter,  and  then  the  Diameter  of  the  Volv»will 
ippear  tlie  greateft ;  and  then  from  that  PVkc 
It  will  ngain  deviate  towards  the  Eaft,  and  its 
Diiinietei:  will  grow  lefs,  and  it  ifcill  perform 
one  entire  Libration  by  returning  fo  the  Eclip- 
oc  fat  which  time  its  Diametei  wiVJ  again  be 
lead  of  all)  in  one  Revolution  of  the  Fix'd 
Stars.     This  Deviation,  when  Rreateft,  \vii\  be 
of  about  5  Degrees ;  and  juft  fo  much  will  ehc 
Circle  which  divides  the  Sub-vahians  from  the 
Triiiolvam  be  carried  fomerimes   in   the  Weft 
leaving  the  Eaft,  fometimes  in  the  Eaft  leaving 
the  Weft,  as  by  the  former  Libration  it  was 
carried  to  the  North  or  to  the  South.     And 
the  Volva,  after  having  perform 'd  one  whoh 
Libration  in  Longitude  of  this  kind,  rerornij 
to  its  firft  Circle  of  Latitude,  namely  the  M< 
between  between  the  Extremes  of  its  Libra'tu 
(during  which  time  from  appearing  leaiif 
gradually  encreafes  till  it  appears  biggeii^ 
returns  again  to  its  firft  appca.tatvct'^  >nv\\ 
pear  in  Conjuniftion  with  more  Eafteriy  H 
Stars  than  thofe  with  which  it  was  in  Conj'iu? 
dion  before  when  it  was  in  the  fame  Circle  cf 
Latitude :  And  again  after  the  next  Libration, 
to  Stars  ftill  more  Eaflerly  j  and  fo  on,  till  af 
almoft  nine  Years  the  ro/x-a  appears  both  h 
and  in  conjuntaion  with  the   fame  Fix'd  Sti 
and  in  its  proper  Circle  of  Latitude,  ready 
go  from  i:  by  librating  towards  the  Weft.     I 
neither  of  thefe  Librations  isfound  to  be  alway; 
equal  to  itfelf,  but  the  Libcation  in  Latitui*  ' 
ti.e  greateft  on  thofe  Days  which  are  m 
the  Eclipfe  of  either  of  the  Luminaries; 
kaft  on  thofe  Days  which  are  the  moftrei 
frum  the  Eclipfes  ;  and  the  Dbration  in  L 
gitudeisgie^teft  of  all  when  the  Vilvai^ 
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I  Sun's  Syzygy  appears  greateft  or  leaft ;  but  !eaft 
I  of  all  when  the  Voha  in  the  Sun's  Quadrature 
appears  greateft  or  leaft. 

Proposition   X. 
^ermine    the    principal    ThanomtHa  that 
^         ou'd  appear  to  an  Ep  pUc'd  in  fame  one  of 
the  Satellites  o/Jupirer  or  Satun. 

The  Pharnomena  of  the  Sun  and  of  the  other 
Primary  Planets,  except  chat  to  which  the  Sa- 
tellite belongs,  when  feen  from  a  Sateiiire  of 
Jupiter  or  Saturn,  will  be  like  or  fimilar  to  their 
Phenomena"  feen  from  our  Moon,  if  thofe  Sa- 
tellites are  like  it  turn'd  about  their  own  Axes  j 
namely  each  of  them  upon  an  Axis  almoft  per- 
pendicular to  the  Plane  of  the  Orbit  of  his  Pri- 
f    mary  aboatthe  Sun,andina  Period  equal  to  the 
■     Period  of  the  faid  Satellites  about  its  Primary, 
as  it  is  very  likely.    In  the  mean  time  we  muft 
cbferve,  that  tho*  from  Jupiter  we  can  fee  no 
Primary  Planet  befides  Saturn,  and  from  Saturn 
none  but  Jupiter ;  yet  from  fome  of  the  Satel- 
lites of  Jupiter  or  Saturn  they  may  all  be  feen. 
For  we  faid  that  Mars  and  the  Planet  below 
Mars  cou'd  not  be  feen  from  Jupiter  for  this 
leafon,  viz,.  Becaufe  wc  fuppos'd  Jupiter  to 
have  an  Atmofphere,  which  being  enlighten'd 
by  the  Sun,  hinder'd  fuch  Planets  as  were  near- 
er to  the  Sun  than  20  Degrees  from  being  feen. 
But  if  we  fuppofe  the  Satellites  of  thofe  Prima- 
ry Planets  to  be  like  the  Satellite  of  the  Earth, 
they  wiU  alfo  be  without  an  Atmofphere  as  our 
Moon  is :  Therefore  an  Eye  in  one  of  'em  will 
fee  the  Planets  when  they  are  near  the  Sun,un- 
lefs  the  Sun's  fliining  Atmofphere  hinders  it  j 
but  even  Mercury  feen  from  Saturn  will  fome- 
itmes  appear  3  Dcgtee^  dtftant  from  the  Sun. 
And 
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'  And  asthe  Sun's  apparentDiaroeter  fromSatam 
1  is  about  90",  it  is  plain  that  Mercury  g«s 
farther  from  the  Sun  than  the  limits  of  the  At- 
jnolphere ;  and  then  that  it  may  be  feen  by  an 
Eye  that  is  not  hinder'd  by  an  encompafflng 
Atmofphere ;  that  is,  by  an  Eye  ptac'd  in  a  Sa- 
tellite of  Saturn,  to  which  Mercury  may  yet 
(tho'  but  a  little)  appear  farther  dVihnt  /rom 
the  Sun  than  to  an  Eye  in  Saturn  itfeU.  Moxe- 
ovetlhe  Phinomena  of  Jupiter  feen  from  Jupi- 
ter's Satellite,  or  of  Satuin  feen  from  a  SateUiie 
ofSaruin,  will  be  the  fame  as  the  Phaenomcna 
of  bur  Earth  feen  from  the  Moon,  and  differ  in 
nothing  but  the  meafure  of  their  Digreffioia 
and  Librations:  As  for  Example,  To  the  Stii- 
•vdlvans  of  any  Sacellite  of  Jupiter  the  Velvs 
does  not  appear  to  librate  from  the  Ecliptic  to- 
wards the  North  or  South  abovi:  ;  Degrees  j 
tho'  the  Libration  in  Latitude  of  the  *Vp^  feen 
from  one  of  Saturn's  SarelJit«  is  of  more  than 
3  0  Degrees.  Bur  in  the  latttt  w  "weVV  as  m  the 
former  Satellites,  there  is  no  Libration  in  Lon- 
gitude, or  if  there  is  any  it  is  not  fenfible,  be- 
caufe  the  Orbits  of  the  Satellites  of  Jupiter  and 
Saturn  are  nearly  circular. 

The  Phenomena  which  appear  to  an  Obfer- 
ver  in  any  of  the  faid  Satellites,  very  different 
from  the  Phenomena  which  appear  in  our 
Moon,  are  fuch  as  appear  from  their  Compa- 
nions. For  if  the  Vol'va  has  any  Satellite  near- 
er to  irfelf  than  that  in  which  the  Eye  is,  tha 
Satellite  will  never  appear  in  oppofition  to  the 
Veha,  but  always  near  it,  librated  like  a  Pen- 
dulum, fometimes  towards  the  Weft  and  fome- 
times  towards  the  Eflft  of  the^W-u.*,  defcribing 
the  Arc  of  a  greac  Circle,  which  the  Veht  di- 
vides into  two  equal  parts ;  and  if  there  are 
moEC 
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inore  fuch  Satellites,  one  will  ran  out  into  a 
^effer  Arc  on  each  fide,  and   the  other  into 
a  greater ;  and  thefe  Satellites  will  never  Set  to 
the  middle  S^vdvans^  and  never  rife  to  the 
middle  Trivuhani.    But  thofe  which  have  the 
Vd-v.i  a  Utrte  below  the  Horizon  to  the  Eaft  or 
Weft,  wfll  fet;  thefe  Satellites  Rife  in  the  Eaft 
or  Weft,  and  go  towards  the  Mcidian,  then 
£0  ^ack  again  and  fet  in  the  ftme  place.    If 
thtfrffeiJ  has  a  Satellite  more  remote  from  it 
tfian  that  in  which  the  Eye  is,  it  will  appearto 
■the  PriiJehanr  once  in  their  natural  Day,  to 
tfie  middle  Vrivoh^ns  and  middle  Suhvcham 
it  rjfes  and  fets  yeiy  (lowly,  and  when  it  comes 
to  the  Meridian,  it  appears  to  the  Suhvol-vani 
tft  move  fafter  towards   the  Weft,  and  to  the 
Wi^ol'uani  to  move  flower  towards  it;   from 
wiaSch  it  is  eafy  to  guefs  what  appearance  the 
Inhabitants  of  the  Satellites  between  both  will 
have.    In  the  mean  time  any  one  of  thofe  Com- 
panions or  Satellites  of  ihe  Vol-va,  make  the  Sun 
to  be  Eclips'd,  and  itfalf  is  alfo  Eclips'd,  either 
when  it  runs  into  the  fiiadow  of  the  p'ol-va,  orinto 
thefliadow  of  the  Satellite  where  the  Obferver 
isj  or  of  any  other  of  the  Satellites.  But  any  one 
may  eafily  find  the  the  various  Symptoms  and 
Times  of  thefe  Eclipfes,  and  feveral  other  things 
jelating  to  this  matter. 

CO  RO  L  L  ART. 
^rom  the  ten  foregoing  Propofitions  ic  fol- 
riars  that  Aftronomy  is, the  moft  fimpte  of  all  to 
an  Eye  plac'd  in  the  Sun.  t'or  if  the  Eye  be 
plac'd  in  its  Center,  the  true  Syftem  does  not 
differ  from  the  apparent;  if  it  be  rais'd  up  to 
its  Surface,  the  Obferver  may  alio  compare 
the  Diflances  of  the  lix  Primary  Planets  from 
his  Habitation  with  his  own  Meafures,  and 
thence 
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But  the  Syftem  being  difcover'd,  the  Magni. 
ludes  andDiftances  of  the  Planets  will  be  very 
lard  to  be  found  out  by  the  Inhabitants  of  any 
jf  the  Primary  Planets^  and  will  not  exaftly 
be  compar'd  with  their  common  Meafures.  Ju- 
piter feems  the  fitteft  for  that  Work,  then  Ve- 
nus, then  Saturn,  next  Mercury,  and  Mars  is 
the  un6cteft  of  any :  What  place  we  muft  give 
to  the  Earth  in  this  cafe  is  uncertain,  becaule 
the  Angle  at  the  Sun,  which  the  Earth's  Diame- 
ter fubtends,  has  been  hitherto  found  rather  by 
flnalogy  than  Obfervation.  Perhaps  the  Mag- 
Mtude  of  the  folar  Syftem  will  in  time  be  firft 
aifcover'd  by  Obfervations  of  Comets;  For  if, 
by  any  of  the  Methods  given  in  the  Second  01: 
Third  Book,  you  can  find  the  diftance  of  a  Co- 
met palling  near  the  Earth,  whofe  Orbit  i,  pi- 
fven  in  pofitionand  Magnitude  (from  the  Fifth 
Book,)  you  will  find  the  Magnitude  of  the  Or- 
bit of  any  Planet,  or  Comet,  whofe  Period  is 
Jtnown. 

The  Aftronomy  is  more  intricate  and  diffi- 
cult to  an  Obferver  in  one  of  the  Secondary 
Planets.  For  in  order  to  cftablifli  it,  fo  as  ic 
piay  agree  with  the  Phsenoraena,  a  Primm  Mo- 
hiU  muft  be  introduc'd  to  carry  all  Celeftial 
Bodies  from  Eaft  to  Weft  in  the  Space  of  a  na- 
tural Day:  But  that  will  not  be  enough ;  for  the 
Vd'va  is  not  carried  by  thac  Firft  Motion  aUho' 
it  be  a  Celeftial  Bodyj  and  in  one  of  Jupiter's 
or  Saturn's  Satellites,  feme  of  the  Celeftial  Bo- 
odles (inferior  to  the  Volvo)  are  carried  roiind  by 
the  Trimum  Mohile,  and  others  not.  Moreover, 
for  demonftrating  of  the  Second  Motions  there 
muft  be  Deferents,  Epicycles,  and  Epicyclo- 
Epicycles,  and  the  Aftronomer  will  often  be  o- 
d  t9  change  th^m  all;  whence  his  Syftem 
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knows  that  dus  Habitarion  moves  abonc  the 
Ks/o'j,  and  iha:  the  Vcht  revolves  about  the 
Sun,  he  is  (ituated  in  the  beft  place  of  any  for 
improving  Aftronoiny :  For  befides  an  accurate 
Geography  ven,-  neceflary  to  Aftronomy,  there 
being  no  Atmofphere,  no  Mifis  orCIoads  do 
ever  hinder  Obfenrations,  and  he  may  obferve 
the  Orfeftial  Bodies  by  Day  as  weH  as  by  Ni^, 
Mdall  the  Planets,  even  thofe  that  are  near  the 

K  therefore,  if  there  are  any  Planets  below 
yuy,  which  we  can't  fee,  he  will  fee  ihem,- 
encreafe  Aftronomy  lb  much  the  more. 
_         es,  he   will  obferve    the  Celeftial  Bodies 
without  RefraiSion,  (becaufe  it  is  occafion'd  by 
an  ambient  Atmofphere)  and  this  alone  does  Co 
much  difturb  the  Obfervations  of  the  Inhabi- 
tants of  the  Earth,  thac  the  taking  off  fmall 
Angles  is  a  matter  almoft  defpair'd  of.    More- 
over, the  Valvn  rotated  in  its  place  ferves  as  it 
Clock  for  all  the  Subvolvans  to  look  at,  and  by 
help  of  it  the  Moments  of  Obfervations  are 
eafily  known.     The  Earth's  Companion  the 
Moon  is  the  moll  convenient  of  all  the  Satel- 
lites for  this  ufe,  for  its  apparent  Altronomy 
,  ffuch  as  the  firft  beginnings  of  Aftronomy  muff: 
be  every  where,  unlefs  the  true  Syftem  be  di- 
vinely reveal'dj  will  be  leaft  compounded  or 
\  perplex'd,  becaufe  the  Earth  has  no  other  Com- 
panion ;  whence  an  Obferver  there  will  fooner 
come  to  the  knowledge  of  the  true  Syftem.- 
And  tho'  the  Diameter  of  the  Orbit  of  the 
itmoft  Satellite  of  Jupirer  or  Saturn  fubtends 
'ingle  at  the  Sun  almoft  equal  to  that  which 
Diameter  of  the  Moon's  Orbit  fubtends, 
fo  the  diftance  of  the  Sun  from  Jupiter  or 
may,  by  Obfervations  mude  in   tlieii- 
i\  ^at«llu&Sj  b&  almoft  3A  exai^ly  d«fui'd. 
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as  its  diftance  from  the  Earth,  by  Obfcrvatians 
made  in  the  Moon  j  yet  fince  the  diftance  of 
the  Sun  is  known  from  knowing  the  diftance  of 
any  Primary  Planet,  an  Inhabitant  of  one  of 
Jupiter's  Satellites  will,  in  order  to  tins  Enquiiy, 
choofe  the  next  Primary  to  it  fe/^  namely^ 
Mars,  when  it  is  in  conjunAipn  with  the  Sun 
and  retrograde ;  as  we  do  Venus,  when  it  is  (i^ 
milarly  pofited :  But  the  Angle  whidi  the  iDia- 
meter  of  the  Moon's  Orbit  mbtends  at  Venus 
when  it  is  near  the  Earth,  is  aknoft  three  times 
greater  than  the  Angle  which  the  Diameter  of 
the  Orbit  of  the  outermoft  of  Jupiter's  Satellites 
fubtends  at  Mars,  when  it  is  neareft  to  TuDiten 
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Aflronomy  of  CoMets. 
P 

f  By  Edmund  Halley  L,L.D.  SavUiatt 
Profeffor  of  Geometry  at  Oxford. 


THE  dncielit  Egyptians  and  Caldeaas 
Cif  we  may  credit  Diodarus  Siculus)  by 
a  long  courfe  of  obfervations,  were 
llaid  to  be  able  to  prediA  the  Apparitions  of  Co- 
mets. But  fince  they  are  alfo  faid,  by  the  help 
of  the  fame  Arts,  to  have  prognofticated  Earth- 
quakes and  Tempefts,  'cis  paft  all  doubt,  that 
their  knowledge  in  thefe  matters,  was  therefult 
rather  of  meer  Aftroloeical  Calculation,  thsn  of 
jUlJ  Aftronomical  Theories  of  the  Ccleftial 
motions.  And  the  Greeks,  who  were  the  con- 
5tterors  of  both  thofe  People,  fcarce  foand  any 
wt^er  ibcc  of  Learning  amongft  then),   than 
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t^s.    So  that 'tis  to  the  Greeks  themfelvesai the 

\  Inventors  (and  efpeciaUy  the  great  HipparchK) 

I  ,hat  we  owe  the  Altronomy  we  have,  ani 
wliich  is  now  imfirov'd  to  foch  a  heigth.  But 
yet,  amongft  the  Greeks,  the  opinion  of  Ari^ 
/etU  (who  wou'd  have  Comets  to  be  nothii^g 

[  elfe,  but  Sublunary  Vapours,  or  Airy  Meteors) 
prevail'd  fo  fur,  that  this  moil  difficuU  part  of 

,  the  Aftronomical  Science  lay  altogether  neg- 
lefted  ;  for  no  Body  thought  it  worth  wMle  to 
take  notice  of,  or  write  about,  the  wandting 
uncertain  Motions  of  what  they  efteemed  Vi- 
pours  floating  in  the  JEthci^  whence  it  came  to 
pals,  that  nothing  certain,  concerning  the  Mo- 
tion of  Comets,  can  be  found  cranliiiitted  front 

!    them  to  us. 

But  Seneca  the  Philofopher,  having  confider'd 

'  the  Phenomena  of  two  remarkable  Comets  oi 
his  time,  made  no  fcruple  to  place  them  a- 
mongft  the  Celeftial  Bodies,-  heVteving  r/iem  to 
be  Stars  of  equal  duration  with  tVic^oAi,  tW 
he  owns  their  Motions  to  be  govern'd  by  Lawj 

I  not  as  then  known  or  found  out.  And  at  lall 
(which  was  no  untrue  or  vain  Predii^onJ  be 
Ibrerells,  that  there  fhould  be  Ages  fometims 

I  hereafter,  to  whom  Time  and  Diligence  fhou'tl 
unfold  alt  thefe  Myfteries,  and  who  fljou'd 
wonder  how 'twas  poflible  the  Ancients  cou'd  be 

I     ignorant  of  them,  after  fome  lucky  Interpro- 

I  ter  of  Nature  had  fliewn,  in  wLu  partt  of  li 
Hea'vtns  the  Camus  wander' J,  a/h^t  fort  of  Sehpi 
end  bow  great  they  ■were.  Yet  almoil  all  the  A- 
ftronomers  differ'd  from  this  opinion  of  Semai 
neither  did  Scr.eca  himfelf  think  fit  to  fet  dowa 
thofe  Phenomena  ot  the  Motion,  by  which  he 

,     was  enabled  to  maintain  liis  opinion  ;  nM  the 

'    Times  of  thofs  Appearances,  which  mieht  bft 
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bf  ufe  to  pofterity,  in  order  to  the  determining 
rfiefe  things.  And  indeed,  npon  the  turning 
over  very  many  Hiftories  of  Comets,  I  find 
nothing  at  all  that  can  be  of  fervice  in  this  af- 
fair, before  J.D.  ijjy  ^^  which  time  Nkepho- 
rm  Gregoras,  a.  Conftantinopolitan  Hiftorian  and 
Aftronomcr,  did  pretty  accurately  defcribe  the 
Path  of  a  Comet  amongfl  the  Fix'd  Stars,  buc 
was  too  laxe  as  to  the  account  of  the  Time; 
fo  that  this  moft  doubtful  and  uncertain  Comet, 
only  deferves  to  be  inferted  in  our  Catalogue, 
for  the  fake  of  its  apjfearing  near  four-hundred 
Years  ago. 

The  next  of  our  Comets  was  in  the  Year 
1472,  which  being  the  fwifteft  of  all,  and 
neareft  to  the  Earth,  was  obferv'd  by  Reglomon- 
tanus.  This  Comet  (fo  Fearful  upon  the  account 
both  of  the  magnitude  of  its  Body,  and  the  Tail) 
inov'd  forty  degrees  of  a  great  circle  in  the 
Heavens,  in  thefpaceof  oneDay;  and  was  tha 
firft,  of  which  any  proper  obfervations  are  come 
down  to  us.  But  all  thofe  that  confiJer'd  Co- 
mets, until  the  time  of  Tycho  Brake  (that  great 
Reftorer  of  Aftronomy)  believ'd  them  to  bs 
below  the  Moon,  and  fo  took  but  little  notice 
<jf  them,  reckoning  them  no  other  than  Vapours. 

But  in  the  Year  IJ77,  (,Tycko  ferioufly  purfu- 
ing  the  ftudy  of  the  Stars,  and  having  gotten 
large  Inftruments  for  the  performing  Celeflial 
menfurations,  with  far  greater  care  and  cer- 
tainty than  the  Ancients  cou'd  ever  hope  for) 
there  appear 'd  a  very  remarkable  Comet;  to  the 
obfervation  of  which  Tycho  vjgoroully  applied 
liimfelf;  and  found  by  many  juft  and  faithful 
.trials,  that  it  had  no  Diurnal  Parallax  chat  was 
-perceptible:  And  Confequently  was  not  only 
'|»o  Aerial  vapour,  but  alfo  much  higher  than 
D  d  d  d  a  the 
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the  Nioon ;  nay,  might  be  ptac'd  atnodgft  the 
Orfas  of  the  Planets,  for  any  thiag  thatippeu'4 
to  ihe  contrary;  the  cavirtnig  oppofition  node 
by  foroc  of  the  School-men  in  ttie  mean  time. 
being  to  no  purpofe. 

Tfiho  was  foccccdcd  by  the  mpft  Sagadons 
Jftp/sr.  He  having  the  advamage  of  7>^fo's 
tubours  and  obfervations,  found  out  t/ie  troe 
I'hyfical  Syftem  of  the  World,  andvaftly  im- 
pior'd  the  Science  of  Aftronomy. 

For  he  demonftrated  that  all  the  Planets  per* 
form  their  revoludons  in  ESiftle  Ortht^  viifi 
VUms  pfi  thro  the  Center  of  tbt  Sun,  obfervifi^ 
this  Law,  that  r/jc:  Jrta't  of  the  ESiprie  SeBen, 
tiken  at  the  Ctnter  of  tbe  Sun  (whsd  «e  frgved  ft 
ke  in  the  comtmn  Poeui  if  ibge  ESipfit)  are  aJw/ni 
frcportimtil  ta  tbe  Titnes  in  njUeb  the  eerfefponJem 
Eaifticit  Am  art  Jefctik'A.  He  difcoVerd  alfo 
that  the  Difiancet  of  tbe  Vlamtt  from  tht  Sun  art  in 
the  Sefijaialtera  ratia  of  tbe  Vtriadiesl  Timet,  OK 
(which  is  all  one)  that  the  Cukt  of  i6e  Difiances 
are  fit  she  S^oAra  of  the  Timet.  This  gceax  Kftio- 
nomer  had  the  opportunity  of  oWetTirg  two 
Comets,  one  of  which  was  a  very  remarkable 
one.  And  from  the  obfervations  of  chefe  (which 
afforded  fufticient  indications  of  an  Annaal  Pa- 
rallax) he  concluded.  That  tbeCometi  mov'dfnd) 
thro  the  Plmetary  Orbs,  with  4  Motion  mt  much  dif 
fartnt  from  a  Reililinear  one  j  btitef  -a-hat  kind  k 
(ond  not  precifel)  dettrmine.  NMt,  H^VeUusii 
sioble  emulator  of  Tycbo  Brabe)  following  si 
■Kepler  i  fteps,  embraced  the  fame  Hypothecs  of 
the  ReiftiHnear  Motion  of  the  Comets,  hifli' 
felf  accurately  obferving  many  of  ehenj.  Vet 
he  complain'd  that  his  calculations  did  norpcr- 
feftly  agree  to  what  he  obferred  in  the  Hea- 
vens :  And  was  aware,  that  tve  Path  if  j  Cowff 
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as  hent  into  a  Curve  Lint^encavt  toivardj  the  Sun^ 
t  length,  came  that  prodi^us  Comet  of-  th 
ear  i6$o;  which  defcendmg  (as  it  were  frd 
1  infinite  Pittance)  perpemliculariy  towari_ 
le  Sun,  arofc  from  tmn  again  ivith  as  greats 
eIocit(B  i 

Thi'Comer,  (which  was  lean  for  four  montia 
mt^ualLy)  hj  the  very  remarkable  and  peco^l 
[f  CuEv4ty  01  its  Orb  (above  ail  odiers)  gavel 
e  titteft  ocaafion  for  inTefUgating  the  Theory! 

its  Motion.  And  the  Royal  Obfervatories  j 
Varis ^.nAGremwichh^v'm^  been  for  fomedmej 
inded,  and  comtnicted  to  the  care  of  mofta 
cellent  AOironomers,  the  apparent  Motion  od 
is  Comet  was  moll  accuracely  fperbaps  as  fat^ 

ijumane  skill  cou"d  go)  obferv'd  by    Mrs. 
IJini  and  Flamfietd. 

Not  long  after,  that  great  Geometrician  the 
uftrious  Newton,     writing    his  Mathematical 
inciplet  of  Natural  Vbilofofhyy  demonftrated  noi , 
ly  that  what  Kephr  had  founds  did  neceffarilyiJ 
tain  in  the  Planetary  Syllem  ;  but  alfo,  thaM 

the  Phsnomena  of  Comets  wou'd  naturalljw 
[low  &om  the  fame  Principles;  which  he  i»T 
ndantly  illuftrated  by  the  example  of  the  aiJ 
refaid  Comet  of  the  Year  1680.  Ihewing  a3 
%  fame  time,  a  method  of  delineating  th^j 
rbits  of  Comets  Geometrically ;  therein  fol#i 
ng  (not  without  meriting  the  higheft  admi-1 
tionof  all  Men)  a  Problem,  whole  intricacjfj^ 
nder'd  it  fcarce  acceffible  to  any  but  himfelf. 
Iiis  Comet  he  prov'd  to  move  round  the  Sun 

a  Parabolical  Orb,    and  to  defcribe  Area's 
iken  at  the  Center  of  the  Sun^  propotcionaU 

tlie  Times. 
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Wherefore  f following  the  fteps  of  foOtW 
a  Man)  I  liave  attempted  lo  bring  the  fame  ite 
thod  CO  Arithmetical  Calculation  ;  and  tha 
with  all  the  fuccefs  1  cou'd  wife.  For,  hartiij 
colleded  all  the  obfcrvadons  of  Comets  I  cou'd 
I  have  fram'd  this  following  Table,  the  rcfalt  ol 
a  prodigious  deal  of  Calc^tion :  whicrJi,  tho' 
but  fmall  in  bulk,  will  be  no  unacceptabfe  pa, 
fent  to  Aftronomers.  For  theic  NambMs  an 
capable  of  reprefenting  all  that  faas  beta  yei 
obferv'd  about  the  Morion  of  Comets,  by  fe 
help  only  of  the  annext  General  Tablci  iafef 
making  of  which  1  fpar'd  no  labour  .that  ic  migh 
come  forth  perfed,  as  a  Thing  confecratedfl 
Pofterity,  and  to  laft  as  long  as  AilrononW:' 
felf.  
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S  the  Planets  move  in  Elliptic  Orbs,  fo 
"3  the  Comets  in  Parabolic  ones,  having 
in  their  common  Focus,  and  defcribe 
equal  Areas  in  equal  Times.  Now  fince  all 
parabola's  are  (imilar  to  one  another,  there- 
fore if  any  determinate  part  of  the  Area  of  a  gi- 
ven Parabola,  be  divided  into  gny  number  of 
parts  at  liberty,  there  will  be  a  like  divifion 
made  in  all  parabola's  under  the  fame  angles, 
and  the  diftances  will  be  proportional :  Confe- 
quently  this  one  Table  of  ours  will  ferve  for  al! 
Comets.  Now  the  manner  of  the  calculation 
of  this  Table  is  thus:  In  the  i%. 


R      Ci  S  P  X 

Let  S  be  the  Sun,  ?0C  the  orbit  of  a  Cornet^ 
P  the  Perihelion,  O  the  Place  where  the  Comet 
is  90  gr.  diftant  from  the  Perihelion,  C  any  o- 
ther  Place.  Draw  the  Right  lines  CPy  CS,  and 
make  ST,SR,  equal  to  C^S;  and  having  drawn 
the  Right  lines  CR,  CT  (whereof  the  one  is  a 
Tangent,  and  the  other  a  perpendicular  to  the 
Curve)  let  fall  C  ^  Perpendicular  to  the  Axis 
TSR., 

Now,  any  Area,  as  COPS,  being  given,  'tis 
yequir'd  to  find  the  Angle  CSP,  and  the  Di- 
ftajice  C  S.  From  the  nature  of  the  Parabola 
-     ■"■"■'   '    ^*    "     '  ' tj^ 


A  Synopsis  fff  tit 

i!^isever=T  the  Parameter  or  Latutre5ia_ 
of  the  Axis,  and  confeqaearfy  iS^cPaanxxu 
be  pat  =2,  then  R^=  i.  Let  c^=t;  then 
i>^  flail  =:-|rZ*,  and  the  ParaboJic  fegmi 
CO/'=Vt!W*)  But  the  Triangle  CST  v 
=:;?,,  and  foihe  Mixtilincal  Area  COPS 
-H  K.-+x&=«,  whence  z.'4-53i=r2tf.  Wfeei 
fore  refolving  this  Cubical  Equation,  ^  or 
Ordinate  C^  will  be  known.  Now,  let  __ 
Area  0P5  be  propos'd  to  be  divided  fnto  on^ 
hundred  parts ;  this  Area  is  tt  of  the  Square  of 
the  Parameter,  and  confequently  iz  «  is  =  that 
Square  =4.  tf  therefore  the  Roots  of  theft 
Equations  «.'+ jj,=o,04: 0,08: 0,11  :o,i6,d'e. 
be  fucceCGvely  excraifted,  there  wUl  be  obtain'3 
fo  many  s,  or  Ordinates  C  ^  refpeffivcly,  and 
the  Area  SOF  will  be  divided  into  one  hnii- 
dred  equal  parts.  And  in  like  manner  is  the 
Calculus  to  be  continued  beyond  cbe  Place  O. 
Now  the  Root  of  this  Equation,  (^fttict:  R^is 
=1)  is  the  Tabular  Tangent  of  die  Angle 
CP'.JS^  or  4-  the  Angle  CSPy  wherefore  the 
Angle  C  S  P  is  given.  And  R  C,  the  Secant 
of  the  fame  Angle  C  J?  ^,  is  a  mean  propor- 
tional between  R  J^  or  Unity  and  R  T,  whic^^ 
1  is  the  double  of  5  C,  as  is  plain  from  the  Conks. 
[  Sot  if  SV  be  ptn:  =1  r,  and  fo  the  Latm  rt^nm 
^4  (as  in  our  Table)  rhen  R  7"  will  be  the 
Diftancc  fought,  w^t-^ie  doable  of  SC  in  the 
former  Paraboh.  After  this  manner  therefbrCj 
I  compos'd  the  foregoing  Table,  which  ferref 
to  rqircfent  the  motions  of  all  our  Comets 
'which  hitherto  there  has  been  none  obfcrvt 
but  come  within  the  Law?  of  the  Parabola, 

It  remains  now,  to  give  the  Rules  for  the 
cslcuhtion,  and  to  fhew  the  way  of  determi- 
ning the  Place  of-a -Comet  feen,  by  thefe  Nurai- 
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bers.  T%e  Velocity  of  a  Comtt  mo-virtg  in  a  Para- 
bola, is  every  where  to  the  Velocity  of  a  Planet  Jt^ 
[cribing  a  Circle  about  the  Sua^  at  the  (awe  Difianct 
from  the  SttJiyfj  1/2  to  i.  as  appears  from  Cor.  7. 
Prop.  16,  Lib.  I.  of  the  Prirtcip.  Phil.  Nat.  Math. 
If  therefore  a  Comet  in  its  Perihelium  were 
fuppos'd  to  be  as  far  diftanc  from  the  Sun  as  the 
Earth  »,  then  the  Diurnal  Area  which  the  Co- 
I  men*ou'd  defcribe,wou'dbetotheDiurnal  Area 
of  the  Earth,  asVi  co  i.  And  confequently,  the 
j  Time  of  the  Annual  revolution,  is  to  the  Time 
in  which  fuch  a  Comet  wou'd  defcribe  the 
I  Quadrant  of  its  Orbit  from  the  Perihelium,  as 
5.141  f  9,  &c.  ( that  is  the  Area  of  the  Circle  ) 
to  v't-  Therefore  the  Comet  wou'd  defcribe 
that  Quadrant  in  109  Days,  14  Hours,  46  Mi- 
nutes; and  fo  the  Parabolic  Area  (analogous 
to  the  Area  POS)  being  divided  into  10a 
parts,  to  each  Day  there  wou'd  be  allotted 
0.91228c  of  thofe  parts,  the  Log.  of  which,wi;. 
9960128,1510  be  kept  for  continual  ufc.  But 
then  the  Times  in  which  Comets,  at  a  greater  or 
kfs  Diftance,  wou'd  defcribe  fimilarQuadnints, 
are  as  the  Times  of  the  revolutions  in  Circles, 
that  is,  in  the  Sefquiplicate  ratio  of  the  Diftan- 
ces :  Whence  the  Diurnal  Areas  eflimated  in 
Centefimal  parts  of  the  Quadrant  (which  parts 
we  put  for  meafures  of  the  mean  Motion,  like 
degrees)  are  in  each,  in  the  Subfefquiakera  pro- 
portion of  the  Diflance  from  the  Sun  ia  the  Pe- 
rihelion, 

Thefe  things  being  neceflarily  premis'd,  let 
it  be  propos'd  to  compute  the  apparent  Place  of - 
any  one  of  the  foremention'd  Comets  for  any 
given  Time.    Therefore, 

I.  Let  the  Siik'j  Place  be  kid^  andtbe  Log.  of  in 
D'fiaase  from  the  Earth, 

2.  Lit 


SvKOpsrs  0f  tht 

-  1.  Let  rbe  Jifcrince  beiii'tm  the  Time  tfiat'Pe^ 
tihelUm  onJ  the  Time  given  be  gotten^  rs  Daji  kJ 
Decimal  P^ts  of  Days.  To  tbt  Leg.  ef  this  Numha, 
let  there  be  added  the  tonftant  Ltg-  ^-$60  £28,  and  the 


Complement  Ar'sthmstkal  of  three  hai-t^es  of  the  Ltg.- 
of  the  Vcrihtlim  Dtjiance  cfthe  Comet  fi-am  the  Sm  .• 
The  Sam  wlU  ht  the  Log,  of  the  mean  Mo^im^  la  he 
fought  in  thefirfi  Column  of  the  general  Tahle. 

3.  Wub  the  MeM  Motion  let  there  betake/tttbt 
correffondtnl  Angltfrom  the  Perihtlitn  in  the  TtAJt^ 
end  the  Log.  for  the  Difiance  from  the  Sua :  Then  in 
Comett  that  art  DireSi,  add,  and  in  ReinnnU 
ones  fubtraH  j  if  the  Time  he  after  the  Perihelion,  th 
^ngle  thus  found,  to  of  from  the  Perihelion  :  or  in 
Direii  Comets,  fubJh-aSl ;  and  in  Retrograde  ones 
adJ ;  if  the  Time  be  before  the  Vershtlion,  tbeforrfaid 
Angle  to  or  from  the  Place  of  the  Perihelion  j  and  fa 
Vfefliall  have  the  Place  of  the  Comet  in  its  Orbk. 
And  to  the  Log.  for  the  Difi ante  found,  let  there  Ac 
added  the  Log.  of  the  Dijlance  in  the  TeribeUoHf  and 
tbefum  will  be  the  Log.  of  tbeCrue  Di^anct  of  the 
Comttfrom  the  Sun. 

4.  The  Place  of  the  Node,  together  with  the  Place 
of  [be  Comet  in  its  Orbit,  being  given,  let  the  Di' 
fiance  cfthe  Comet  from  the  Node  be  found  i  then  the 
Inclination  of  the  plane  being  given,  there  -will  be 
■  given  alfo  (^from  the  common  Rules  ofTrigmometry) 
the  Comet's  Place  reduced  to  the  Ecliptic,  the  Inch-' 
nation  or  Heliocentric  Latitude,  and  the  Leg.  of  the 
Curtate  Dijiance. 

f.  Froai  tbefe  things  given  (by  the  -very  fam 
Rules  that  we  find  the  Plafiet's  Places,  from  the  Sun's 
Phee  and  Difiance  given)  we  may  obtain  the  Atfa- 
Tent  or  Geocentric  Place  of  the  Comet,  together  with 
zli  Apparent  Latitude.  And  this  it  may  be  Worth 
while  to  illuftrate  bj^an  Example  or  two. 
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Example    I. 


Let  it  he  requird  to  find  the  Place  of  the  Comet  of  the 
Tear  i66f,  March  i^,  7^",  oo',  V.M.  Lon- 
don. Th^t  is,  $6^j  ighj  8',  after  the  Vtrihtlion^ 
which  iappen'd  Novemb.  24%  ii^,  fi'. 
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Log.  Dift.  Perihel. 
Log.  Sefquialt. 
Comp.  Arith. 

Log.  Temp. 
Log.  Med.  Mot. 
Medius  Motus 

PeHhel.  £1 
Ang.  Coprefp. 
Comet  in  Orb.  a 
Afcend.  Nod.     d 
Com.  a  Nodo 
Red.  ad  Eclip. 
Com.  Helioc.  ^ 
Inci.  Bor. 

Log.  pro  dift. 
Log.  Perihel. 
Co-fin.  Inch 
Log.  dill.  Curt. 
Log.dift.  © 

Com.  Vifus        X> 
Lat.Vifa. 


o.  011044 

0.  oi6f66 

9.  960128 

1.  9Sy86z 

I.  9^94^4 
Sy.ooi' 


34.  TO.  40 

58.  54.  J 5 
ii.  46.  yo 

o.  lyy^tf^ 
o.  01 1044 
9-  9907ff 
o.  2^7167 

9.  99791 s 

21.  44.  45" 
29.  18.  ;a 
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^^V  '                £  X  A  M  p  I  c  ir. 

^^^H  £_((  ir  it  rt^mrd  to  ^jjj  1^  VUce  of  the    Cowel  of    j 

^^B       iisrwl68;,Jttly  25% 

ij-,  jj-,P.A/.Lo|v- 

^^H        don :  Or,  Ii<*,  40   f^KA 

.Ttmr.     Tiali^ll', 

^^^H         joli,  50'  dficr  l6e  Vtrihilim.                                 j 

^^H            Log.  Difi.  Perihel. 

9-  748)4? 

^^^K            Log.  Sefqnialc. 

9.  62jfi4 

^^^m           Comp.  Ai'tth. 

0.  37748« 

^^^H 

9.  9^0118 

^^^B             Log.  Temp. 

I.  5.072, 

^^H             Log.  M«l.  Mot. 

I.  648;37 

^^H             Msdios  Motus 

44.  498 

^^H              Perilled  X 

2f.29.  ;o 

^^^V             Ang.  Con-c<p. 

f  6.  47.  20— 

^^K             Comet,  in  Oib.  V 

28.42.  20 

^^B             Nod.  Defceqd.  K 

2J.  23.  00 

^^H               Com.  a  No4p 

Jf.  19-  JO 

^^B              Red.  ad  EcUp. 

V^«--4'* 

^^B             Com.  Helioc:  K 

2«,  II.  ja 
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3f.  a.  00 

^^^B              Log.  prodifl^ 

0.  IJIJ36                . 
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^^^m            Log.  dilt.  Curt. 
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^^K        Log.dia  Q. 

0.  006104         '^M 

^^H              e  Locus  A 
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^^F     Example,  'twas  abferv'd 

rat  Dmdm)  that^H 

f             Comet  applied  to  the  fecond  Star  of  Ariet  |^H 

1              that  it  was  found  to  be  9'  more  Northei^B 
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and  ;'  to  the  Eaft,  according  to  Dr.  flook'%  ob- 
fervarion.  But  ac  that  of  the  fecoxid  Example, 
1  my  felf  (near  London,  with  the  fame  Inftru- 
menrs  whereby  I  formerly  obfciv'a  rhe  Southern 
Conftellations)  found  the  Place  of  the  Comec 
to  be  5,5"°,  ii'tj  and28°j  j2'  North  Latitude, 
which  agreed  exaftly  with  the  obfervation 
made  at  Grennwkh,  almoft  at  the  very  fame  Mo- 
mene. 

As  for  the  Comet  of  the  Year  16S0,  which 
came  almoft  to  the  very  Sun  icfelf  (being  in  its 
Perihelion,  not  above  one  third  of  the  Semidia- 
meter  of  the  Sun  diftant  from  the  furface  of  it,) 
/ince  the  Latus  ReBum  of  its  Orb  is  fo  very  fmall, 
it  could  hardly  be  contained  within  the  limits 
of  the  general  Table,  becaufeof  the  exceffive 
Velocity  of  the  Mean  Motion.  Wherefore  in 
this  Comet,  the  beft  way  will  be  (after  the 
Mean  Motion  is  found)  to  get  from  thence  (by 

thehelpof  the  foregoing  Equation  si'  +  ;^=~ 
of  the  Mean  Motion^  the  Tangent  of  half  the 
angle  from  the  Perihelion,  together  with  the 
iog.  for  the  Diftance  from  the  Sun.  Which  be- 
ing found,  we  are  to  proceed  by  the  fame  Rules, 
as  in  the  reft. 

After  this  manner  therefore,  the  Aftronomi- 
cal  reader  may  examine  thefe  Numbers,  which 
I  have  calculated  with  all  imaginable  care,  from 
~;he  obfervations  1  could  meet  wi:h.  And  I 
havenot  thought  fit  to  make  them  publick  before 
tfiey  have  been  by  my  felf  duly  examin'd,  and 
made  as  accurate  as  'twas  pofTible,  not  without 
the  labour  of  many  Years.  1  have  publilh'd 
this  Specimen  of  Cometical  Aftronomy,  as  a 
?rodrowui  of  a  future  Work  I  have  in  defign, 
[eft,  happening  to  be  prevented  by  Death, 
E  e  e  e  lUefe 
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'  By  comparing  together  riie  Elements  of  the 
Morions  of  chcfe  Comets, 'ris  apparent,  their  Or- 
bits are  difpos'd  in  no  manner  of  order  j  nor 
can  they,  as  the  Planets  are,  be  comprehended 
within  a  Z(Odiac,moving  indifferently  everyway, 
as  well  retrograde  as  diredl ;  from  whence  it  is 
clear,  rhey  are  not  carry'd  about  or  mov'd  in  a 
Vortical  Syftem.  Moreover,  the  Diftances  in 
their  Perihelia  arefonietimesgreater,  fomeiimes 
lefi  ;  which  makes  me  fufpeift,  there  may  be  a 
far  greater  number  of  them,  which  may  move 
in  Regions  more  remote  from  the  Sun,  and 
being  therefore  very  obfcure ;  and  wanting 
Tails,  may  pafs  by  us  unfeen. 

Hitherto  I  have  confider'd  the  Orbits  of  Co- 
mets as  exaiftly  Parabolic  ;  upon  which  fuppo- 
fifion  it  wou'd  follow,  that  Comets  being  im- 
pell'd  towards  the  Sun  by  a  Centripetal  Force, 
would  defcend  as  from  fpaces  infinitely  diftant, 
and  by  their  fo  falling  acquire  fuch  a  Velocity, 
95  that  they  may  again  fly  off  into  the  remoteft 
parts  of  the  Univerfe,  moving  upwards  with  a 
perpetual  tendency,  lb  as  never  to  return  again 
to  the  Sun.     But  fmce  they  appear  frequently 
enough,  and  fmce  none  of  them  can  be  found 
to  move  with  an  Hyperbolic  Motion,  or  a  Mo- 
tion fwifter  than  what  a  Comet  might  acquire 
by  its  Gravity  to  the  Sun,  'tis  highly  probable 
they  rather  move  in  very  Excencric  Elliptic  Or- 
bits, and  make  their  returns  after  long  periods 
of  Time  :  For  fo  their  number  will  be  determi- 
nate, and,  perhaps,  not  fo  very  great.    Befldes, 
the  fpace  between  the  Sun  and  the  Fix'd  Stars  is 
foimmenfe,  that  there  is  room  enough  for  aCo- 
LljKt  to  revolve,  tho'  the  Period  of  its  revolu- 
tion be  vaftly  long.     Now,  the  tatus  Rectum  of 
an  Eliipfis,  is  to  the  Laius  TteHum  of  a  Parabola, 
■  E  e  e  e  2  whicb 
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tica!  to  a  Parabolical  one.  And  I  am  the  more 
confirmed  in  my  opinion  of  its  being  the  fame  j 
for  that  in  the  Year  14^6,  in  the  Summer  time, 
a  Comet  was  feen  paffing  Retrograde  between 
the  Earth  and  the  Sun,  much  after  the  fame 
manner:  Which  tho'  nobody  made  obftrvacions 
upon  it,  yet  from  its  Period  and  the  manner  of 
its  Tranfitj  I  cannot  think  diiFerent  from  thofs 
I  havejuft  now  mention'd.  And  fince  looking 
over  the  Hiftories  of  Comets  I  find,  ar  an  equal 
interval  of  Time,  a  Comet  to  have  been  feen  a- 
bout  Eafterin  the  Year  150J,  which  is  another 
double  Period  of  lyi  Years  before  the  former. 
Hence  I  think  I  may  venture  to  foretel,  t  hat  it  will 
return againin the YeariyyS.  And,  ititlhould 
then  fo  return,  we  ftiatl  have  no  reafon  to  doubt 
butthe  reft  may  returnalfo  :  Therefore  Aftrono- 
mers  have  a  large  field  wherein  to  exercife  thcm- 
ftlves  for  many  ages,  before  they  will  be  able 
to  know  the  number  of  thefe  many  and  great 
Bodies  revolving  about  the  common  Center  of 
the  Sun,  and  to  reduce  their  Motions  ro  certain 
Rules.  I  thought  indeed  that  the  Comet  which 
appear'd  in  the  'Vear  ij;^,  might  be  the  hms 
with  that  obferv'd  by  Hcvelins  in  the  Year  1661. 
But  Apian's  oblcrvations,  which  are  the  only 
^oneswehave  concerning  the  firft  of  thefe  Co- 
mets, are  too  rude  and  inaccurate  for  any  thing 
of  certainty  to  be  drawn  from  them,  in  fo  nice  a 
matter.  But  as  far  as  probability  from  the  equali- 
ty of  Periods,  and  fimilar  appearance  of  Comets, 
may  be  urged  as  an  argument,  the  late  wondrous 
Comet  of  1687.  feems  to  have  been  the  fame, 
which  was  feen  in  the  time  of  our  King  fienn  I. 
anno  1 106,  which  began  to  appear  in  the  Weft 
about  the  middle  of  February,  and  continued 
for  many  days  after,  with  fuch  a  Tail  as  wa-i 
E  e  e  e  3  fsea 
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ftih  Seftmtrianihus,  as  if  tlie  Comet  had  appear'd 
in  the  North,  but  that  it  was  feen  under  the  Ssf- 
iem  trioms  or  brighter  Stars  of  Urfs  major.  And 
as  to  its  riling  Um-a  undedma  dltt,  it  can  no  ways 
be  underftood,  unlefs  the  word  V;«  be  left  out, 
as  it  is  by  Suetonius;  for  it  muft  have  been  very 
fer  from  the  Sun,  either  to  rife  at  five  in  the 
Aftemooti,  or  at  eleven  at  Night;  in  which  ca- 
fes if  muft  have  appeared  for  a  long  time,  and 
its  Tail  have  been  fo  little  remarkable,  that 
it  could  by  no  means  be  call'd,  darum  &  om~ 
mhns  Tcrris  canfficaum  Sydus.  But  fuppofing  this  • ' 
Comet  to  have  traced  the  fame  Path  with  that 
of  the  Year  1660,  the  afcending  part  of  the  Orb 
will  exaftly  reprefent,  all  that  Augufins  hath  faid 
Concerning  it ;  and  is  yet  an  additional  argu- 
ment to  that  drawn  from  the  equality  of  the 
Period.  ■  Thus  'ris  not  improbable  but  this  Co- 
met may  have  four  times  vilited  us  at  intervals 
of  about  J7y  years :  Whence  the  Tranfverre 
diameter  of  its  Ellipiic  Orb  will  be  found 
V''y75'Xj7j  times  greater  than  the  annual  Orb; 
or  138  times  greater  than  the  mean  diftanceof 
-the  Sun;  which  diftance  tho'  immenfely 
great,  bears  no  proportion  to  that  of  the  Fix'd 
^tars. 

I  have  lately  found  out  a  ready  method  to 
compute  the  motion  of  Comets  in  thefe  Ellip- 
tic Orbs,  of  which  perhaps  fiiortly  we  may  ex- 
hibit a  Specimen,  giving  this  Comet  for  an  Ex- 
ample. !n  the  mean  time,  thofe  that  defire  to 
know  how  to  conftrmaGeomerrically  the  Orb  of 
a  Comet,  by  three  accurate  obfervations  given, 
may  find  it  at  the  end  of  the  third  Book  of  Sic  . 
Jfaac  Nnrton's  Principles  of  Natural  Philofophy, 
entituled  Dt  Syflemnre  ManJi,  in  the  words  of 
its  renowned  Inventor.  Which  have  fmce  been 
E  e  e  e  4  more 
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Way  of  the  Earth.  At  which  time,  had  the 
Earth  been  there,  the  Comet  would  have  had 
a  Parallax  equal  to  that  of  the  Moon,  as  I 
take  it.  This  is  fpoken  to  Aftronomers :  But 
what  might  be  the  Confequences  of  fo  near  an 
an  appuUe ;  or  of  a  contata,  or,  laftly,  of  a 
ihock  of  the  Celeftiar  Bodies,  (which  is  by  no 
means  impoflible  to  come  ro  pafs,)  I  leave  to  bc 
di&jifs'd  by  the  Studious  of  Phyfical  matters. 
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